
 

1 
 

 

Environmental  

Sciences 

 Ecosystem Structures & Functions 

 27 Grassland Ecosystem 

 
 

 

Paper No: 01 Ecosystem Structures & Functions 

Module: 27 Grassland Ecosystem  

 

 

 

   
 

 

 

 

 

 

 

 

 

 

Development Team 

Principal Investigator 

& 

Co- Principal Investigator 

 

Prof. R.K. Kohli 

Prof. V.K. Garg & Prof. Ashok Dhawan 

Central University of Punjab, Bathinda 

Paper Coordinator 

Dr. Renuka Gupta, YMCA University of Science and 

Technology, Faridabad, Haryana 

Content Writer 

Dr.  Sharda R. Gupta, former  Professor  of 

Botany, Kurukshetra University, Kurukshetra 

Content Reviewer 

 

Dr. Renuka Gupta, YMCA University of Science and 

Technology, Faridabad, Haryana 

Anchor Institute  

 

Central University of Punjab 

 



 

2 
 

 

Environmental  

Sciences 

 Ecosystem Structures & Functions 

 27 Grassland Ecosystem 

 
 

 

 

   
 

 

 

 

 

 

 

 

 

 

Description of Module 

Subject Name Environmental Sciences 

Paper Name Ecosystem Structures & Functions 

Module 

Name/Title 
27- Grassland Ecosystem 

Module Id EVS/ESF-I/27 

Pre-requisites  

Objectives 

To know about the distribution,  abiotic environment and functions of  the of the  

grassland ecosystem  

 

Keywords 

Grassland definition,   grassland characteristics, distribution,  temperate grasslands,  

prairies, steppes,  tropical  grasslands and savannas,   grassland types of India,  

Biodiversity, goods and services of grassland , human impacts, grassland 

management 



 

3 
 

 

Environmental  

Sciences 

 Ecosystem Structures & Functions 

 27 Grassland Ecosystem 

 
 

 

 
Module27: Grassland Ecosystem  

LEARNING OBJECTIVES  

 Definition and  characteristics of  grassland  ecosystems  

 The distribution of world’s  grassland  ecosystem  

  The Abiotic environment  

 Biodiversity and Community Composition  

 Ecosystem functions  

 Human impacts on  Grasslands  

 Grassland  Management 

  



 

4 
 

 

Environmental  

Sciences 

 Ecosystem Structures & Functions 

 27 Grassland Ecosystem 

 
 

 

27.1. Introduction 

Grassland ecosystems are ecologically and economically important, and are of widespread occurrence. 

The productivity of grasslands provides important services to humanity, including feed for livestock 

and the regulation of carbon and water cycling. Grasslands (also called rangeland) provide forage and 

habitat to domestic animals and wildlife. Most grassland coevolved with large grazers, and herbivory 

has been found to affect ecological processes at levels ranging from individual plants to ecosystem 

processes and landscape patterns (Blair et al., 2014). The soils of grassland ecosystems store large 

quantities of carbon and other nutrients and play a major role in global biogeochemical cycles. 

Temperate grasslands are the third largest global store of carbon in soils and vegetation after wetlands 

and boreal forests.  

 There is also a long and complex relationship between grasslands and humans. The fertile soils that 

developed under many types of grasslands have been plowed and the nutrients mined to support 

agricultural production. It is estimated that about one billion people depend directly on grasslands for 

their livelihoods worldwide (Suttie et al., 2005). Grasslands rank among the most critically endangered 

biomes due to widespread conversion for multiple anthropogenic uses, including 70% of global 

agriculture (Hoekstra et al., 2005), besides increased pressures from people and livestock populations.  

In India, grasslands generally occur in areas receiving between 250 mm and 900 mm annual 

precipitation. There is a variety of grassland communities in India with different dominants, in 

response to variability in environmental conditions including grazing, in each of the grassland type 

(Singh and Gupta, 1992). 

 

 

27.2. Definition and Characteristics of Grassland Ecosystems  

The potential distribution of grassland ecosystems to a large extent is determined by climatic variables, 

principally temperature and precipitation. Three factors including drought, fire, and grazing by large 

ungulate herbivores, distinguish grasslands from other ecosystem types. They are located in areas in 

which water availability is below the requirement for the forest at some time during the year but is 

sufficient to support grasses as the dominant plant type. 
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In a comprehensive review of major grasslands of the world, Coupland (1979, p. 22) defined 

grasslands as “ecosystems in which the dominant vegetative component is comprised of herbaceous 

species”. Sometimes the term grassland is used to encompass herbs and shrubs (White et al., 2000), 

grasses and shrubs can form complex mixes, and dominance may alternate between the two within the 

span of years or decades.  

The term grassland can also be used in a broader sense to encompass ecosystems with a significant 

grass cover interspersed with varying degrees of woody vegetation, and some deserts and shrub 

grasslands having a significant cover of grasses interspersed with succulent plants and/or shrubs (Blair 

et al., 2014).   

 

According to Dixon et al. (2014), a grassland is defined as “a non-wetland type with at least 10% 

vegetation cover, dominated or co-dominated by graminoid and forb growth forms, shrubs have < 25% 

canopy cover and where the trees form a single-layer canopy with either less than 10% cover and 5 m 

height (temperate) or less than 40% cover and 8 m height (tropical)”.  

 

General Characteristics of Grasslands 

Climatically climax grasslands are those that result from prevailing climatic conditions, whereas the 

managed grasslands (pastures or lawns) represent intermediate successional stages. In climatically 

climax grasslands, seasonal water deficits and periodic droughts prevent the establishment of forests in 

those regions. Some important characteristics of grasslands are as follows:  

i. Climate, fire, and grazing are three key factors that are responsible for the origin, maintenance, 

and structure of the most extensive natural grasslands globally. 

ii. Grasslands can vary in the relative abundance of grasses and other plant life forms, such as 

trees and shrubs. 

iii. Grasslands are characterized by high allocation of plant biomass belowground. 

iv. There is a large input of plant root litter to the soil resulting in high fertility of grasslands soils, 

particularly in temperate regions.  

v. Roots of most species in all prairies penetrate (up to 2 m), and root weight in climax perennials 

is several times more than that of shoots. 
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vi.  Some of the grasses such as big bluestem (Andropogon gerardii), wheat grass (Agropyron 

smithii) and buffalo grass (Buchloe dactyloides) have underground rhizomes and are thus sod-

formers.  

Some characteristics of temperate steppes and prairies and tropical grasslands are summarized in Table 

27.1. 
 

Table 27.1.  Main characteristics of temperate and tropical grasslands  

Temperate  Grassland 

Steppe 

 

Temperate  Grassland 

Prairies 

 

Tropical Grassland and 

Savannas 

 

 Rainfall 60-120mm 

  

 Usually without trees or 

large shrubs  

 

 Widely distributed from 

Europe to east Asia 

 The largest  

temperate grassland in 

the world is the Eurasian 

steppe   

 

 Rainfall 250 to 

750mm per year  

 mostly moist 

climate, fertile soils,  

 Dominated by 

perennial grasses,  

 

  Most grasslands 

have been converted 

to agriculture   

 Distributed in 

Canada and USA  

 Tropical wet and dry  

climate. Varying 

rainfall, generally 300-

1200mm rainfall, 80-

90% in 2-4 months  

 

 C4 grasses commonly  

found  

 

 Occur in Australia, 

Africa, Asia, and South 

America.  
 

 

27.3. Distribution of World’s Grasslands 

 

Grasslands in the wider sense are among the largest ecosystems in the world; their area is estimated to 

be 40.5 percent of the terrestrial area excluding Greenland and Antarctica (World Resources Institute, 

2001, based on IGBP data; White et al., 2000). The distribution of temperate and tropical grasslands is 

shown in Fig. 27.1. According to White et al. ( 2000), grasslands are most common in  semi-arid zones 

(28% of the world’s grasslands), followed by humid (23%), cold (20%), and arid zones (19%) ; Sub-

Saharan Africa and Asia have the largest total area in grassland; The five countries with the largest 

grassland area are Australia, the Russian Federation, China, the United States, and Canada.  
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 Fig. 27.1. Global distribution of temperate and tropical grasslands (adapted from Bailey et al., 

1989)  
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27.3.1 Temperate Grasslands 

Major grasslands in the temperate regions of the world include the steppes of central Eurasia, the velds 

of the high plateaus of southern Africa, the pampas of Argentina, and the prairies of North America 

(Fig.27.2). Recent research confirms that, of all the world’s 14 biomes, temperate grasslands are at 

greatest risk, as these systems are highly altered while being the least protected. Temperate grasslands 

cover about 8% of the Earth’s terrestrial surface.  

Fire has helped grasses to outcompete woody plants that invade the grassland.  Forbs (composites, 

legumes, etc.) are constantly present, but are always less important constituents of prairies (Blair et al 

2014). The tall-grass prairies of North America or the velds of South Africa, are thought to be as 

disturbance-dependent communities (Blair et al 2014). Smaller areas occur in southeastern Australia 

and the drier parts of New Zealand. In these grasslands, periodic fires, droughts, and the activities of 

grazers are essential to prevent grassland transforming to other ecosystem types.   

 

 

 Fig.27.2. Global distribution of temperate grasslands, savannahs and shrublands (adapted from 

Orgiazzi et al. 2016 based on  Olson et al., 2001).  
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27.3.2 Tropical Grasslands and Savannas 

Tropical grasslands are located near the equator, between the Tropic of Cancer and the Tropic of 

Capricorn. They cover much of Africa as well as large areas of Australia, South America, and India 

(Fig.27.3). The term Campos refers to grasslands or pastures of South America with vegetation cover 

comprising mainly grasses and herbs; scattered small shrubs and trees are occasionally found, 

generally near the banks of streams. The Llanos, located in the Orinoco River Basin, which runs 

between Colombia and Venezuela in northern South America, are some of the world’s richest tropical 

grasslands.  Termites are especially abundant in the tropical grasslands of the world. 

Savannas in Africa have world’s richest fauna of grazers and browsers (e.g., zebra and giraffe); there 

also occur predators such as lions.  

Terai-Duar savannas and grasslands  occur in southern Asia including Bangladesh, Bhutan, India, and 

Nepal (http://wwf.panda.org/about_our_earth/ecoregions/teraiduar_savannas_grasslands.cfm) 

Flooded grasslands and savannas as large complexes occur in the Everglades, Pantanal, Sahelian 

flooded savannas, Zambezian flooded savannas, and flooded grasslands of Rann of Kutch, Gujarat, 

India.  

 
 

Fig.27.3. Global distribution of tropical and subtropical grasslands, savannahs and shrubland 

and flooded grasslands. Savannas cover ~approximately 20 % of the Earth's land area. (adapted 

from Orgiazzi et al. 2016 based on  Olson et al., 2001).  

 

http://wwf.panda.org/about_our_earth/ecoregions/teraiduar_savannas_grasslands.cfm
http://wwf.panda.org/about_our_earth/ecoregions/teraiduar_savannas_grasslands.cfm


 

10 
 

 

Environmental  

Sciences 

 Ecosystem Structures & Functions 

 27 Grassland Ecosystem 

 
 

 

27.3.3 Managed grazing systems 

Managed grazing lands, designed for the production of animals for consumption, cover about 25% of 

the global land surface and has larger geographic extent than any other form of land use (Asner et al. 

2004). 

27.3.4 Grasslands of India 

In India, the area under various kinds of grass cover, including fallow and wastelands, is estimated to 

be about 18% of the total land area. If the forested area (about 19% of total land) is included, most of 

which also supports grazing, about 37% of land can be said to be available for grazing. The average 

annual production of dry grass or hay in India is about 250 million tons. 

Most of the grasslands in India are of anthropogenic in origin and seral in nature because of the 

influence of livestock grazing, fire, deforestation, drought, and abandonment of cultivation (see Singh 

and Gupta, 1992).  Five major grass cover types of India have been recognized (Dabadghao and 

Shankarnarayan, 1973), which are: Sehima-Dichanthium type; Dichanthium-Cenchrus-Lasiurus type, 

Phragmites-Saccharum-Imperata type; Themeda-Arundinella type; Temperate-Alpine Grasslands 

 

According to Rawat and Adhikari (2015), some important grasslands of India are: alpine moist 

meadows of Central Himalaya, alpine arid pastures of Trans Himalaya, Terai grasslands of Gangetic 

and Brahmaputra plains, floating grasslands of Manipur, Banni grasslands of Rann of Kutch, Gujarat, 

and, shola grasslands of western Ghats. The Shola grasslands are unique as they are restricted in their 

distribution to the high altitude (>1700 m) in the Western Ghats and interspersed with tropical forests 

(generally found in the mountain folds and valleys). Shola grasslands are maintained by fire and frost 

and have an ancient and geographic relict species of ungulate, Niligir Tahr.  

 

27.4. The Abiotic Environment : Climate and Soils  

 

Grasslands occur under a very broad range of mean annual temperature and rainfall. The climates of 

grasslands vary from temperate to tropical with annual rainfall ranging from about 250 mm/year in 

http://wwf.panda.org/about_our_earth/ecoregions/rannofkutch_flooded_grasslands.cfm
http://wwf.panda.org/about_our_earth/ecoregions/rannofkutch_flooded_grasslands.cfm
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arid grasslands to more than 1,000 mm/year in mesic grasslands. The precipitation generally occurs as 

frequent light rains over an extended period (90 days or more). 

The prairies of North America occupy areas where rainfall (250 to 750mm per year) is intermediate 

between those of deserts and forests (Blair et al., 2014).  The tropical and subtropical grasslands, 

savannas, and shrub lands are characterized by rainfall levels ranging from 900-1500mm per year.  

Grasslands often experience very high intra- and inter-annual variability in rainfall. Many grasslands 

experience periodic droughts and a dormant season based on seasonal dry or cold conditions.  At local 

scales, soil water availability in grasslands is often highly correlated with plant physiological 

processes, plant productivity, and soil microbial activity.  

Climate Temperate Grasslands Climate Tropical Savanna   

• Temperature: Large fluctuations from hot 

summers to cold winters 

• Precipitation: moderate to high with peaks 

during warm season 

• Growing Season: moderate to long 

 

• Temperature: consistently warm (though a bit 

more seasonal than tropical forests) 

• Precipitation: highly seasonal, it varies from 

very wet to very dry Wet period is very short  

• Growing Season: year round (limited during 

seasonal drought)  

 

 

Temperate grasslands can occur on a variety of different soil types. The characteristic dark, rich soils 

are known as Mollisols in the US Soil Taxonomy system. Soil Profile of a Mollisol for mixed 

temperate grassland is shown in Fig. 27.5.  Soils associated with temperate grasslands are usually deep 

(over 2 m), loamy textured, high in organic matter, and very fertile. These characteristics make these 

soils highly suitable for cultivation but prone to wind erosion if ecosystem balance is not maintained.  
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 Fig. 27.5. Soil Profile of a Mollisol  for a  mixed temperate grassland  . O  -  undecomposed  and 

partially decomposed organic  matter (leaves, etc.).  ; A  -  wide Zone of humus accumulation ; B 

– Zone of Deposition  ;C- Mineral horizon  ; D- consolidated rock (adapted from Singh et al. , 

2015 , based on  Whittaker,  1975  )   

Many tropical and subtropical types of grassland occur on soils that are geologically much older and 

therefore more highly weathered, depleted in cations and have lower phosphorus availability. 

Continuous weathering in Tropical Grassland and Savannas has produced nutrient-poor Oxisols, 

which are particularly deficient in phosphorus.  In sandy arid areas (less than 300 mm of annual 

precipitation), soils (less than 60cm deep) often support grassland, while deeper soils on the 

surrounding area support shrubland. Alfisols are common in the drier savannas, whereas Entisols are 

associated with the driest savannas.  The grasslands of India occur on a wide variety of soils including 

alluvial, coastal alluvial, red, laterites, black, and desert soils.   

27.5. Biodiversity and Community Composition  

The herbaceous layer of grasslands is usually grasses and several other plant types. Halophytes 

belonging to Chenopodiaceae, both herbaceous and shrubby, are important on alkaline and saline soils 

in many arid and semi -arid grazing lands. In tundra, lichens, especially Cladonia rangifer, and mosses 

provide reindeer feed.  
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Grasses provide the matrix in which other plant species such as annual and perennial forbs (non-

graminoid, non-woody plants), shrubs, and trees co-occur in a grassland ecosystem. In most of the 

world’s major grasslands, perennial grasses are dominant. Some grasslands are dominated by grass 

species having underground rhizomes and thus are “sod-forming” grasses, while other grasslands are 

dominated by species that grow in densely packed clumps of tillers and are  bunchgrasses. The 

graminoid flora of grasslands can be quite species rich.  For example, in the Konza Prairie (native 

tallgrass prairie preserve jointly owned by The Nature Conservancy and Kansas State University in 

USA), the grasses co-occur with over 400 species of forbs and woody plants, which provide much of 

the floristic diversity characteristic of the prairie (Blair et al.  2014).  

The Daurian Steppe extends across Russia, China and Mongolia, it contains one of the world’s last 

intact temperate grassland ecosystems in the world (Box 27.1).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The Patagonian steppe and grasslands exhibit about 30 per cent endemism in 1,200 vascular species; 

the ecoregion supports regionally distinctive communities of mammals, birds, and plants 

(http://wwf.panda.org/about_our_earth/ecoregions/patagonian_steppe.cfm).  

 

 Box 27.1. The Daurian Steppe Landscape: the world’s last intact temperate grassland 

ecosystem (http://pdf.usaid.gov/pdf_docs/PBAAE432.pdf) 

Mongolian Daurian Landscape occupies the northern part of the Daurian steppe ecoregion. The 

Daurian steppe region has a distinct flora and fauna, with a number of endemic species. The 

Daurian Steppe is vast, remote and sparsely populated. It is one of the world’s last intact 

temperate grassland ecosystems, which is home to more than one million Mongolian gazelle, the 

largest aggregation of nomadic ungulates on earth. The steppe is a UNESCO World Biosphere 

Reserve, and an important breeding, molting and migration stop for endangered Siberian cranes 

and  several vulnerable bird species. 

 
 

 

http://wwf.panda.org/about_our_earth/ecoregions/patagonian_steppe.cfm
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The Agulhas Plain grassland, part of the Cape Floristic Province of South Africa. This constitutes 

one of the world’s 36 biodiversity hotspots for conservation (Myers et al., 2000;  

http://www.cepf.net/resources/hotspots/Pages/default.aspx), contains a flora of 1751 species, including 

23.6% regional endemics and 5.7% local endemics (see Blair et al. 2014). It is one of the largest extant 

storehouses of lowland fynbos and is recognized as a  centre of endemism ’   

 

The high elevation (montane and alpine) grasslands and shrublands, include the puna and paramo 

in South America, subalpine heath in New Guinea and East Africa, steppes of the Tibetan plateaus, as 

well as other similar subalpine habitats around the world. The montane grasslands of the Tibetan 

Plateau still support relatively intact migrations of Tibetan antelope (Pantholops hodgsoni) and 

Tibetan wild ass (Equus hemionus). A unique feature of many tropical paramos of the northern Andes 

is the presence of giant rosette plants from a variety of plant families.  

 

Terai-Duar savannas and grasslands contain the world's tallest grasses and have the greatest 

densities of tigers, rhinos, and ungulates. The dominant grass of the floodplains is Saccharum, or 

elephant grass, which grows each year to heights over seven meters and supports a number of habitat 

specialists such as the Bengal Tiger (Panthera tigris) and its prey base, the Chital (Axis axis).  

 

Serengeti National Park savanna: The most famous savannas are in Africa, Serengeti National Park, 

located in north-central Tanzania, has three distinct types of savanna grassland, i.e., long-grass, 

intermediate grass, and short grass. In the vast plains of Serengeti National Park, comprises 1.5 million 

hectares of savanna. The annual migration of two million wildebeests plus hundreds of thousands of 

gazelles and zebras, followed by their predators in their annual migration in search of pasture and 

water, is one of the most important aspects in the natural world. The biological diversity of the park is 

very high with at least four globally threatened or endangered animal species, i.e., black 

rhinoceros, elephant, wild dog, and cheetah. 

 

 

 

http://www.cepf.net/resources/hotspots/Pages/default.aspx
http://wwf.panda.org/about_our_earth/ecoregions/teraiduar_savannas_grasslands.cfm
https://www.britannica.com/place/Tanzania
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Diversity of Wildlife in the Indian grasslands 

Some important ungulates in Indian grasslands on a regional basis are given in Table 27.3. Some of 

the rarest species of wildlife are found in the Indian grasslands, many of them totally dependent on 

them. The Bengal Florican, One-horned Rhinoceros, Pygmy Hog, Hispid Hare, Wild Buffalo, Hog 

Deer, Swamp Deer in terai grassland, the Great Indian Bustard in dry, short grasslands, the Lesser 

Florican in monsoonal grasslands of western India, and the Nilgiri Tahr in the shola grasslands of the 

Western Ghats are some examples (Anonymus, 2006). Pygmy hogs have been reported to be sensitive 

indicator species, because a decline in their population indirectly shows that there is imbalance in the 

biodiversity of the ecosystem; being critically endangered shows that the entire area where they are 

found is a threatened habitat.  

 

The great Indian bustard inhabits dry grasslands and scrublands on the Indian subcontinent; its largest 

populations are found in Rajasthan. The Great Indian Bustard, one of the heaviest flying birds, it is 

considered to be the flagship grassland species. The great Indian bustard (Ardeotis nigriceps) is a tall, 

long legged bird; it is classified as Critically Endangered (CR) on the IUCN Red List. The Bengal 

florican has a very small, rapidly declining population largely as a result of widespread loss of its 

grassland habitat. It is therefore Endangered C1 Vulnerable. Lesser Florican (Sypheotides indica) is 

endangered because it has a very small, declining population, primarily a result of loss and degradation 

of its dry grassland habitat. The rate of decline is predicted to increase in the near future as pressure on 

the remaining grasslands intensifies (Zafar-ul Islam and Rehmani, 2002)  

 

 

 

 

 

 

 

 

 

https://www.britannica.com/science/grassland
https://www.britannica.com/science/scrubland
https://www.britannica.com/place/Rajasthan
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Table 27. 3.  Some important ungulates in Indian grasslands on a regional basis (based on 

Rodgers 1988; Singh and Gupta 1992) 

 

Grassland type  Type of ungulates 

Alluvial grassland Hog dear, wild water buffalo, swamp dear , Indian 

rhinoceros 

Arid grasslands  Black buck, wild ass, chinkara 

High altitude grasslands Tibetan wild ass, tahr, goral, Tibetan gazelle, bharal 

Secondary grasslands Black buck, chital, gaur, chinkara 

 

27.6. Ecosystem Functions  

27.6.1. Productivity of Grassland Ecosystems 

 

The ‘rate at which energy is stored by green plants in the form of organic substances’ and is generally 

expressed as net primary productivity (NPP) in terms of biomass, or carbon sequestration,, per unit 

area per unit time , after subtracting respiration (R) losses during the measurement period from the 

total energy fixed (i.e.,  gross primary productivity, GPP). In  western North American  temperate 

grasslands, above-ground primary production (ANP) ranged from186 to 330  876 g m- 2 yr- 1 ( Sims 

and Singh 1978), Fig. 27.6. Net root production (RP) ranged from 96 to 876 g m - 2 yr- l. Total net 

primary productivity (TNP) ranged from 282 to  1203 g m-2 yr- l. Approximately 34% and 81% of 

allocation of productivity was belowground in these temperate grasslands,  Fig. 27.6.   
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 Fig. 27. 6. Annual  aboveground and belowground production in North American Grasslands;  

34 to 81 % allocation of net production belowground ( based on Sims and Singh 1978)  

Tropical savannas can be remarkably productive, with a net primary productivity that ranges from 1 to 

12 t C ha-1year-1(Grace et al. 2006). The lower values are found in the arid and semi-arid savannas 

occurring in extensive regions of Africa, Australia and South America. The global average of the  

tropical savanna productivity  was 7.2 t C ha-1year-1. The carbon sequestration rate (net ecosystem 

productivity) averaged 0.14 t C ha-1year-1 

 

Two decades ago, an important study reported that the ecosystem productivity of diverse grassland 

was more resistant (changing less during drought), and more resilient, recovering more quickly after 

drought, than that of species poor communities (Tilman and Downing, 1994). Large-scaled 

experiments have shown significant positive impacts of plant diversity and composition on ecosystem 

processes such as biomass production, nutrient use, and decomposition.  Results from a network of 
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experiments carried out on five continents on 42 grassland types suggest that two or more nutrients 

often constrain aboveground net primary productivity of these globally significant ecosystems (Fay 

et al. 2015). 

The biomass production ranged from 2 to 5711 g m−2 in different grassland community types, 

including natural and managed (pastures and meadows) grasslands over a wide range of climatic zones 

(temperate, Mediterranean, and tropical), and altitudes (lowland to alpine) (Fraser et al. 2014).The 

results of their study based on 30 sites in 19 countries and six continents strongly support the humped-

back model (HBM) of the plant richness-productivity relationship (Fig. 27.7). The HBM suggests that 

plant diversity peaks at intermediate productivity because at low productivity few species can tolerate 

the environmental stresses, and at high productivity a few highly competitive species dominate 

(Grime, 1973; Fraser et al. 2014). 

 

 

Fig. 7. The hump-backed model (HBM) relationship between species richness and dry above-

ground biomass and stress/disturbance. The solid line represents the HBM maximum potential 

species richness. The dashed lines represent hypothetical relationships.  (adapted from Fraser et 

al., 2014)  
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27.6.2. Food Chain and Food Web  

An organism that makes its own food is called a producer. Examples of producers in the prairie are 

grasses, forbs and wild flowers because they use the solar energy  to make their own food through a 

process of photosynthesis. An organism that depends on others for food is called a consumer. 

Examples of consumers in the prairie include grasshoppers, harvester ants, mice and prairie chickens. 

Gray fox an omnivore that eats both plants and animal material ( Fig.27.8).  Examples of decomposers 

in the prairie are earthworms, fungi and bacteria. Recycling of nutrients occurs  in the prairie through 

decomposition.  

 

 

Fig. 27.8. A tall grass prairie food web.   Source wak.infobaselearning.com/img/ScienceImages/5-09.PDF 
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27.6.3. Nutrient Cycling  

Grassland ecosystems contain cycles of nitrogen, and other plant nutrients, such as phosphorus and 

potassium. Nutrients are derived from weathered rock or dissolved in rainfall. The nutrients may be 

lost from the system by leaching, or in runoff or through harvesting of plants. Most nutrients are 

recycled within the system through plant uptake, leaf fall and litter decomposition. Nutrients are stored 

in the biomass, the litter and the soil in variable quantities depending on the type of grassland 

ecosystems and seasonality of climate.  

Ecosystem nutrient budgets can also be presented in the form of compartment models as shown in 

Figure27. 9. In this  model, the standing state of nutrients are given in compartments and flux rates on 

the arrows connecting one compartment with the other.  The proportion of N cycled through the root 

compartment in the short-grass prairie is substantially greater than the proportion cycled through the 

shoot compartment.   

 

 Fig. 27.9.  A compartment model of N cycling in a shortgrass prairie, U.S. Values in 

compartments (tanks) are mean standing crop of nutrient in g/m2, and those on arrows are net 

annual flux rates in g/m2/yr (Based on Bokhari and Singh 1975, adapted from Singh et al. 2015).    
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27.7. GOODS AND SERVICES OF GRASSLANDS  

Grassland is a renewable resource; productivity is variable and determined by climate, soil, 

topography. These systems provide many goods and services that are important to humans.  

Grasslands are an important source of food resources, namely meat, milk or honey. The most 

widespread use of grassland worldwide is in the production of domestic livestock (principally 

mammalian herbivores: cattle, sheep, goats, horses, water buffalo, and camels). A large numbers of 

wild herbivores also depend on grasslands, and in many cases share the land with domestic herds. 

There is a large variety of forage plants, and for the most part they are grasses or legumes Semi-natural 

grasslands are significant source of many medicinal plants.  

Grasslands provide critical ecosystems services that regulate, support and underpin the environment 

that we live in. These include climate regulation, water storage, nutrient cycling, erosion control or soil 

stabilization, pollination and biodiversity (Table27.2). Climate regulation via soil carbon storage and 

sequestration is highly valued. Temperate grasslands are the third largest global store of carbon in soils 

and vegetation (after wetlands and boreal forests), the amount of C that could be stored in the world’s 

grazing lands is considerable and presents a potentially large mitigation opportunity.  

Table 27.2. Grassland Ecosystem Services (based on MA 2005; TEEB 2010)  

Provisioning Services  Food  

Water  

Forage, livestock, and biofuels   

Genetic resources  

Medicinal plants  

Regulating Services Climate regulation (C-sequestration) 

Greenhouse-gas balance  

flood prevention  

Regulation of water flows  

Water purification  

 Soil Erosion control and soil stabilization 

Maintenance of soil fertility  including  soil formation 

Supportive  Services   Maintenance of genetic diversity  

Nutrient cycling, primary production, pollination  

Habitat and biodiversity  

Cultural Services Recreation  and tourism  

religious value , Educational values  
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27.8. HUMAN IMPACTS ON GRASSLANDS 

Grasslands are being modified  by conversion of  land to agriculture, urbanization/human settlements, 

desertification, fire suppression, overgrazing by  livestock, habitat fragmentation, climate change, the 

introduction of invasive (non-native) species, and woody plant expansion (White et al., 2000; Blair et 

al, 2014). All these factors have been found to   influence the functioning of grassland ecosystems.  

Some impacts on grassland systems are discussed as follows.   

Agriculture: Grasslands have historically been an area of expansion for human land use, and much of 

the world’s highly productive grassland has been converted to crops, mixed farming and artificial 

pastures (Suttie et al., 2005). In temperate grasslands, this conversion occurred prior to the 1950s 

(Millennium Ecosystem Assessment, 2005).  Currently, agricultural expansion is occurring in the 

tropics, as a result of which many tropical savannas and grasslands in South America, southern Africa, 

and Asia are undergoing change (Gibbs et al., 2010). Future threats to grasslands also appear high for 

providing food to a rapidly growing human population (Foley et al., 2011). Conversion of grasslands 

to croplands or seeded pastures has exerted a major impact on biodiversity and ecosystem function; in 

many cases these converted grasslands have become net sources of carbon and nutrients leading to 

global change 

 

Human Settlements and Urbanization:  The conversion of grassland to agricultural land and for 

human settlement, have greatly modified these ecosystems. The prairies of North America were home 

to many early European settlers. More people live in grasslands than forests.  

 Grazing: Grasslands and populations of wild ungulates have coexisted for millions of years. Wild 

ungulates are an essential component of energy and nutrient flows in grassland ecosystems.  Large 

populations of herbivores, including bison of North America, wildebeest and zebra of Africa, and 

Tibetan antelope of Asia have been characteristic of the world’s major grasslands. It is estimated that 

50% of all temperate grasslands are utilized as pastures, and in many regions, overgrazing is common 

(Ramankutty et al.,2008). 
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Desertification may be the most severe modification of grassland ecosystems. Widespread 

desertification of North America’s semi-arid grasslands has already occurred. 

 

Fire is an important factor in maintaining grassland ecosystems. Despite providing important services 

for maintaining natural and human-influenced grasslands, fire can be harmful, especially when very 

hot and frequent, fire can destroy vegetation and increase soil erosion. Fire has caused degradation of 

grasslands because of improper fire regimes and overstocking. 

 

Grassland fragmentation is caused by agriculture, road building, fencing and woody invasion. 

Impacts of climate change on Grasslands: Grassland function is directly dependent upon 

temperature, precipitation, and soil moisture. Climate change will affect the goods and services that 

grassland areas provide, including carbon storage, nitrate filtration, water quality, crop yield, and 

forage for livestock and wildlife (IPCC, 2007).  

 

 Invasion of Exotic Species: Within the span of the last two centuries, exotic species have overtaken 

vast expanses of grasslands in Australia, South America, and parts of North America (see Seabloom et 

al., 2013). Grasses comprise the most aggressive invaders.     

 

27.9. GRASSLAND MANAGEMENT  
 

The majority of the world’s grasslands are considered to be degraded to some degree. Depending on 

the desired use, grasslands are managed for one of several goals, including production of forage for 

raising domestic and wild animals, carbon sequestration, and biodiversity conservation, production of 

biofuels, enhancing the environment or conservation of natural areas (Gibson, 2009). The global 

potential for C sequestration in the soils of the world’s grazing lands is 352 Tg CO2 yr _1 through 

improved grazing management in rangelands and pasturelands, and the sowing of legumes in 

pasturelands (Henderson et al., 2015).   
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Grassland management involves social, economic, cultural and technical factors. The grassland 

components are to be managed in way so as to obtain the optimum combination of goods and services 

for society on a sustained basis. Many natural areas require management intervention because natural 

disturbance regimes have been disturbed or no longer in place in highly degraded grasslands.  Some of 

the strategies for grassland management based on Suttie et al. (2005) and Gibson (2009) are outlined 

as follows:   

 

1. Managing the plant/animal system by maintaining the desirable plant species, and defining the 

appropriate level of utilization, and the state of plants as an indicator of system ‘health. 

 

2. To improve the  grassland ecosystem by retaining species and managing water, nutrient and 

energy cycles with reasonable efficiencies, and maintaining suitable levels of production.  

 

3. Stocking rates need to be maintained in the case grazing for forage and livestock production in 

a particular environment and the plant community; intermediate level of grazing could be 

practiced to maximize primary production and the stocking rate. 

 

4. Fire in the form of prescribed burning is also a powerful tool in grassland management.   

5. To protect and enhance the soil and vegetation complex.  Improvement of the pastoral 

vegetation in extensive grasslands through manipulation of grazing pressure and the use of 

controlled fire.  

6.  Growing of fodder crops can be useful for favoured areas in extensive grassland  systems,  

7. Some management strategies including regulation of grazing, protection of vegetation, and 

reseeding for Indian grasslands are summarized in Box 27.2. 
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 Box 27.2 Grassland management in India (based on Singh and Gupta, 1992) 

In India, the major cause of deterioration of grasslands is unregulated and intensive grazing. 

For semiarid and arid grasslands, continuous grazing at controlled rates based on carrying 

capacity, or an early deferment for four months (August to November) has been found 

beneficial. Reseeding the deteriorated rangeland with higher-producing grasses and legumes, 

particularly during monsoon, has also been attempted with success in India. Broadcast seeding 

without tillage gave better results with Lasiurus hirsutus than sowing in rows, whereas rows 

resulted in better establishment of Cenchrus ciliaris.   Integrating grasses with tree based 

systems such as Acacia nilotica var. indica, and Prosopis cineraria along the boundaries of 

arid rangelands can provide nutritionally rich fodder and shade for animals as well as serve as 

windbreaks.  
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27.10.  Summary 

i. Grasslands are defined as “ecosystems in which the dominant vegetative component is 

comprised of herbaceous species”; also encompass ecosystems with a significant grass cover 

interspersed with varying degrees of trees and shrubs. 

ii. Climate, fire, and grazing are three key factors that are responsible for the origin, maintenance, 

and structure of the most extensive natural grasslands globally. 

iii. Major grasslands in the temperate regions of the world include the steppes of Eurasia, the 

‘velds’ of southern Africa, the pampas of Argentina, and the prairies of North America, cover 

8% of the Earth’s terrestrial surface. 

iv. Grasslands and savannas are of widespread occurrence within the subtropics and tropics such 

as the bushvelds of Africa, and the compos and llanos of South America, Terai-Duar savannas 

and grasslands  in southern Asia, and flooded grasslands and savannas 

v. In India, grasslands generally occur in areas receiving between 250 mm and 900 mm annual 

precipitation. About 37% of land can be said to be available for grazing. The average annual 

production of dry grass or hay in India is about 250 million tons. 

vi. Major grassland types of India include Sehima-Dichanthium type, Dichanthium-Cenchrus-

Lasiurus type, Phragmites-Saccharum-Imperata type, Themeda-Arundinella type, and 

Temperate-Alpine Grasslands. 

vii. Grasslands occur under a very broad range of mean annual temperature and rainfall, and soil 

types. Grasses provide the matrix in which other plant species such as annual and perennial 

forbs (non-graminoid, nonwoody plants), shrubs, and trees.co-occur in a grassland ecosystem. 

viii. Grasslands provide critical ecosystems services that regulate, support and underpin the 

environment that we live in. These include climate regulation, water storage, nutrient cycling, 

erosion control or soil stabilization, pollination and biodiversity. 

ix. The biomass production ranges from 2 to 5711 g m−2 in different natural and managed 

(pastures and meadows) grasslands over a wide range of climatic zones (temperate, 

Mediterranean, and tropical), and altitudes (lowland to alpine).   

x. Grasslands are being modified by conversion of land to agriculture, urbanization/human 

settlements, desertification, fire suppression, overgrazing by livestock, habitat fragmentation, 

climate change, the introduction of invasive non-native species, and woody plant expansion. 

xi. The strategies for grassland management include managing the plant/animal system, improving 

the grassland ecosystem, maintaining the stocking rates at intermediate level of grazing, 

prescribed burning, conserving wildlife and biodiversity, protection of vegetation, and 

reseeding.  

 

 

http://wwf.panda.org/about_our_earth/ecoregions/teraiduar_savannas_grasslands.cfm
http://wwf.panda.org/about_our_earth/ecoregions/teraiduar_savannas_grasslands.cfm
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