
  
  
 
 
 

 

1 
 

 

 

 

 

SUSTAINABLE AGRICULTURAL SYSTEMS AND TECHNOLOGIES II.: 

ANIMAL PRODUCTION 

 

 

 

Levente Czegledi 

 

University of Debrecen 

Faculty of Agricultural and Food Sciences, and Environmental Management 

 

 

 

A Debreceni Egyetem fejlesztése a felsőfokú oktatás minőségének és 
hozzáférhetőségének együttes javítása érdekében 
EFOP-3.4.3-16-2016-00021 



  
  
 
 
 

 

2 
 

  

Content 

Exercise 1 ................................................................................................................................... 3 

Exercise 2 ................................................................................................................................... 5 

Exercise 3 ................................................................................................................................... 7 

Exercise 4 ................................................................................................................................. 10 

Exercise 5 ................................................................................................................................. 12 

Exercise 6 ................................................................................................................................. 14 

Exercise 7 ................................................................................................................................. 16 

Exercise 8 ................................................................................................................................. 19 

Exercise 9 ................................................................................................................................. 21 

Exercise 10 ............................................................................................................................... 23 

Exercise 11 ............................................................................................................................... 25 

References ................................................................................................................................ 27 

 



  
  
 
 
 

 

3 
 

Exercise 1 
Sustainable animal production in related to methane emission 

 

Purpose of the exercise: During the practical course students will discuss the main sources of 

methane from livestock farms. The possibilities and tools for mitigation is the main point of the 

course. There are differences between species, intensity of production, technology, animal 

nutrition and other factors – to be discussed. 

Required knowledge: Basic knowledge on greenhouse gases and climate change in required. 

 

The agriculture plays a major role in greenhouse gas (GHG) emission, most of it comes from 

ruminant methane production (cattle, buffalo, sheep, goats), nitrous oxide from animal waste and 

fertilized soils. All of these has increased the methane concentration in the atmosphere by 143%.  

Reducing the amount of methane emitted by agriculture is important in many ways.  

There are some opportunities to reduce methane emission in the animal production sector: 

 The emission depends on the number of animals, the productivity of animals and diets. 

Reducing unproductive animals, good feed quality, maintaining animal health, minimizing 

stress will improve the productivity of herd and farm’s profit and reduces methane 

emissions as a result. An extended lactation in dairy cows can reduce herd energy demand 

and potentially reduce on-farm methane emission. 

 In case of ruminants the increased proportion of grain in the forage: diet reduces the rumen 

pH, thus reducing methanogenesis in the intestine. The lower fiber content in the diet, 

faster rate passage also lead to lower methane emission 

 In an intensive livestock production system, the methane reduction may be 10-37% lower 

by adding dietary oils to the diets. 

 In the reduction of methane emissions, precision feeding, breeding and caring the health of 

animals can also be a solution in poultry and swine farming. 

 You can use some methods to manipulate the rumen such as vaccines to inhibit the 

methanogenesis, reductive acetogenesis, use some chemicals (bromochloromethane, 

chloroform). The ruminal cell membrane could be damaged by using antibiotics that’s why 

effectively decreases methane production, but higher doses needed to dramatically reduce 

methane.  
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Figure shows methane emission levels by livestock species. 
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Source: Moumen et al., 2016, modified 

At the beginning of 2000s dairy cows produced the highest amount of methane (approximately 

120 kg/animal/year) between livestock species. Compared to the 90s, this result has increased but 

in case of sheep and swine, similar levels of methane emissions are observed. 

 

 



  
  
 
 
 

 

5 
 

 

Exercise 2 
Animal performance and environmental consequences 

 

Purpose of the exercise: to think about low-yielding and high-yielding animals and their 

environmental impact. 

Required knowledge: basics in animal production. 

 

It is all about yield per animal unit and ecological footprint. 

How should we count the environmental impact? Relative to the animal or one unit of product? 

What if a cow produces 10 000 liters of milk in a lactation instead of 7 000 liters of milk? 

Could a higher daily gain during fattening mitigate the impact? Let us see fattening to the same 

slaughter weight of bulls using different genotypes and/or feeding regimes: 1000 g/day live-

weight gain versus 1500 g/day live-weight gain. 

Differences in reproduction traits of beef cows: 70 calves per 100 cows or 95 calves per 100 cows 

in a year. 

Litter size of sows: Does a litter of 16 piglets have the same effect on environment as a litter of 8 

piglets concerning swine production? 

 

 

The improvement of breed, nutrition and technologies have significantly increased cow milk 

production in the last decades: 

 

Source: earthlingsinternational.wordpress.com 



  
  
 
 
 

 

6 
 

 

If a cow produces a higher quantity of milk during the lactation it produces more methane 

relatively compared to a low-yielding cow, but if we calculate methane emission relative to milk 

produced the high-yielding cow results a lower environmental impact: 
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Exercise 3 
Cattle contributes to climate change – different viewpoints 

 

Purpose of the exercise: Ruminants, especially dairy cows produce large quantities of methane 

compared to other livestock species, and beside methane other gases are also emitted from a cattle 

farm responsible for climate change. Students will be informed about the mitigation practices 

concerning a dairy farm. 

Required knowledge: Basic knowledge on climate change and greenhouse gases. 

 

Task: 

Search for reasons, causes, facts on the significance of cattle farm in greenhouse gas emission! 

How can we decrease the emission of these gases? 

What is the difference in greenhouse effect of carbon-dioxide, methane, ammonia? 

 

The following greenhouse gases come from nature: 

 water vapor (H2O) 

 carbon dioxide (CO2) 

 methane (CH4) 

 nitrous oxide (N2O) 

 ozone (O3) 

Carbon dioxide, methane, and nitrous oxide have a direct effect on global warming. In the United 

States, 46% of greenhouse gas emissions come from CO2 which is mainly from industrial 

activities and not from the livestock sector. The agriculture is mainly responsible for the 

production and emission of nitrous oxide and 7.9 percent of methane emission.  

The CO2 emission could be reduced by intensive livestock production. For example, those dairy 

cattle which produce 40 kg milk/day by 1 kg of edible protein, can reduce the emission of carbon 

dioxide by 50% against dairy cattle with lower milk yield (10 kg milk/day). Similarly, in case of 

beef cattle, swine and poultry from 40 to 70% reduction are observed on a daily basis in CO2 

emission. 
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The carbon dioxide and methane emissions are closely related. Typically, in case of ruminants, 

they produce three times more carbon dioxide than methane, but CO2 is reduced compared to 

methane which enters the atmosphere and representing 39% of the total emission. Moreover, in 

case of ruminants up to 12% of feed is converted to CH4 and methane has a much more significant 

effect (twenty one times more) to global warming than carbon dioxide. 

 

 

 

Source: http://www.fao.org/news/story/en/item/197623/icode/ 

 

Demand for meat and milk requires intensive production. Nowadays on commodity-basis beef and 

cow milk account for 41 and 20 percent of total greenhouse gas emissions in the livestock sector, 

respectively. They are followed by swine, buffalo, chicken, and small ruminants. The other 

category contains poultry species without chicken meat and eggs and non-edible products.  

The cows are responsible for 15% of all methane produced in the livestock sector and this 

methane is only 6 percent of greenhouse gases. 
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With the introduction of precision livestock farming the climate change induced by livestock 

sector could be decelerated by decreasing emissions of greenhouse gases, especially carbon 

dioxide and methane.  

Timeline for 

development 
Mitigation practice for the dairy industry 

Reduction of methane/ 

mitigation practice 

Immediate 

Higher grain diets 

5-10% 
Using corn silage or small grain silage rather 

than grass silage or grass hay 

Lonophores 

Using legumes rather than grasses 5-15% 

Feeding oils and oilseeds 

5-20% 

Herd management to reduce animal 

numbers. 

Best management practices that increase 

milk production per cow 

In 5 years 

Using yeast, enzymes, directly fed 

microbials 
5-15% 

Plant extracts (tannins, saponins, oils) 5-20% 

Animal selection for increased feed 

conversion efficiency 
10-20% 

In 10 years 

Using vaccines 

 
10-20% 

Strategies that alter rumen microbial 

populations 
30-60% 

 

Source: Reducing methane emissions from livestock, AAFC, modified 
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Exercise 4 

Possibilities and tools to decrease nitrogen output from livestock farms 

 

Purpose of the exercise: During the exercise students will discuss and be informed about the forms 

and quantities of nitrogen in the excreta, such as faeces and urine and about the possibilities to 

decrease the nitrogen output from a livestock farm. Beside the positive environmental 

consequences of a reduced nitrogen output the better nutrient utilization / feed conversion ratio is 

an economic benefit. 

 

Required knowledge: Students should have knowledge on animal production systems, the 

operation of a livestock farm, animal nutrition, housing technology and manure handling. 

Genotype effect, meaning different animal breeds and different breeding purposes and knowledge 

on the function of digestive apparatus is also welcome. To know the nutrient value and mean 

characteristics of concentrate and roughage is also required. 

 

One of the environmental concern is manure nutrient distribution on land. The manure contains 

ammonia (NH3) which may be beneficial as a fertilizer in crop production but the volatilization of 

N in the form of ammonia is harmful to the ecosystem. 

Nitrogen (protein) is an important element of feed but inadequately used dietary protein makes the 

production expensive as it is not efficient. 

Precision feeding is a strategy to solve this problem in dairy herds, swine, and poultry. Animal 

monitoring (good feeding management) makes possible to use high-quality feed that the animal 

needs, for example, adjusting phase feeding to growth. This improves feed utilization and can 

minimize manure output for example, by checking the milk urea-nitrogen (MUN) level. On the 

other way, we can use multiphase and split gender feeding. 

In case of swine and poultry, the reduction of nitrogen in manure can also be achieved by the use 

of amino acids and enzymes (methionine, lysine, tryptophan, threonine) as a feed supplement 

which can reduce the amount of nitrogen in swine manure by 28%. In addition to using highly 

digestible ingredients in the poultry feed diets, and lowering the dietary protein concentration by 

two percentage points in swine feed, nitrogen excretion is more reduced by supplementing the 
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listed methods with crystalline amino acid. The continuous exchange of indoor air from pig 

houses can reduce the emission of NH3 by 60-65%. 

By using several management techniques in feed preparation such as pelleting, reducing the 

partical size can reduce N excretion by 5-15%. 

Other influencing factors in N excretion are: 

 specific genetic potential of animals 

 keeping animals comfortable and healthy 

 regulate and maintain feeders, bunks and waterers. 

 

At the University of Arkansas Pine Bluff the researchers replace brewers rice to all corn in swine 

diets. Among others (carcass quality, excretion of phosphorus), the nitrogen excretion from fecal 

samples was also investigated in growing-finishing pigs. 

The table shows the effect of replacing corn with brewers rice. 

Variable 
Corn/soybean 

meal 

Brewers 

rice/soybean 

meal 

SEM P value 

Intake N (kg) 0.046 0.138 0.001 <0.001 

Fecal N (kg) 0.011 0.007 0.001 <0.001 

Digest N (%) 76.682 87.915 2.770 <0.001 

Source: Gekara et al., 2013, modified 
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Exercise 5 
Possibilities and tools to decrease phosphorous output from livestock farms 

 

Purpose of the exercise: During the exercise students will discuss and be informed about the forms 

and quantities of phosphorous in the excreta, such as faeces and urine and about the possibilities to 

decrease the phosphorous output from a livestock farm. Beside the positive environmental 

consequences of a reduced phosphorous output the better nutrient utilization / feed conversion 

ratio is an economic benefit. 

Specific question: Is there any relationship between the low phosphorous content of feed, 

microbial activity of rumen and reproduction traits of the cow? 

 

Required knowledge: Students should have knowledge on animal production systems, the 

operation of a livestock farm, animal nutrition, housing technology and manure handling. 

Genotype effect, meaning different animal breeds and different breeding purposes and knowledge 

on the function of digestive apparatus is also welcome. To know the nutrient value and mean 

characteristics of concentrate and roughage is also required. 

 

After monitoring the nutritional requirements of animals, using a suitable feed composition can 

minimize the unnecessary phosphorus secretion. Increasing the number of nutrients consumed, 

and the varied composition of diet and dosing program can also help to reduce the P excretion. 

The Nutrient Requirements of Dairy Cattle indicated the nitrogen (protein) and phosphorus 

content of the feed, not only dairy cattle but also for beef cattle, swine, and poultry.  

In cattle diet, corn gluten and distilled grains are cheap sources of protein and energy but the 

phosphorus of these content is near twice than more traditional feed grain sources. Corn silage, 

soybean meal, alfalfa contains about 0.40-0.45 percent P so it is unnecessary to use supplemental 

phosphorus. Phosphorous supplement is a high cost solution, so if it is not added to the diet we 

reduce feeding cost and P excretion. Using the appropriate feed the phosphorus content of manure 

can be reduced by up to 30-35 percent. If the manure is not managed properly it can have serious 

consequences to the environment. In case of feed containing more than 0.3% dietary phosphorus, 

the excess P is excreted in the manure and thus the amount of P entering the soil from the manure 

will be about four times higher. 
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In the case of poultry and swine, the P excretion could be reduced (25% - 35%) by using phytase 

enzyme in corn and soybean diet. In the future vitamin D derivates and citric acid will be much 

more accepted as feed supplement in poultry diet to reduce P excretion. 

Pelleting and grinding increased the digestibility for swine and poultry and it can reduce P 

excretion by 5 to 15 percent.  

In poultry diet there are many other ways to decrease P excretion by 40-60%: 

 feeding closer to actual requirements 

 more phases in phase-feeding program (depends on gender, age) 

 use of components contain availability of phosphorus 

 keeping and feeding birds based on genetic potential 

 use phytase, vitamin D3, organic acids as a feed additive 

 use novel ingredients from genetically modified plants to contain low P 

There are several strategies to reduce P excretion by swine such as avoid excessive dietary P, use 

wheat and low phytate-corn or low phytate soybean rather than conventional corn and soybean in 

addition to those listed. Using phytase to improve digestion and making the phosphorus more 

available could reduce the P excretion by 30 to 40 percent. 

The precision feeding, the specific genetic potential of animals, split-sex feeding,  keeping animals 

comfortable and healthy, continuous monitoring of the quality of feed and water can also help to 

reduce phosphorous excretion and sustainable livestock farming. 
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Exercise 6 
Enzymes in feed 

 

 

Purpose of the exercise: to discuss about the role of feed enzymes in animal nutrition, feed 

conversion, digestibility of compounds and the effect of these enzymes on nutrients in excreta. 

 

Required knowledge: composition of diet for poultry, pig and ruminant species, energy and 

nutrient values for concentrate and roughage. 

 

During the last 3 decades, the development of biotechnology, fermentation and microbiological 

technologies have made it possible to produce enzymes that are function optimally in the 

gastrointestinal tract of the animal. The feed enzyme market has grown rapidly because the feed 

ingredients have been better understood and they can produce more specific and cheaper enzymes 

with the development of chemistry. 

Benefits of feed enzymes: 

 reduce excreta moisture content in birds fed diets containing feed enzymes, this increases 

the litter quality 

 improve digestion and colonization of intestinal bacteria thereby improving nutrient 

absorption 

 improving the digestion and absorption of nutrients increases the quality of the manure and 

thus has a less negative impact on the environment. 

Many naturally selected enzymes play an important role in the digestive system of the animal. 

These enzymes degrade the carbohydrates, proteins, nucleic acids and fat. Digestion of the protein 

occurs in the stomach by pepsin, pancreatic trypsin, chymotrypsin, carboxypeptidase, and elastase.  

For greater digestibility livestock are raised on feed supplemented with enzymes for example 

xylanases and cellulases which are produced by microorganisms. But the enzymes that used in 

feed can’t increase the digestibility of starch, protein, and lipids from 85% to 100% even in high 

quality diets. Naturally, starch and other polysaccharides are broken down by salivary and 

pancreatic amylases, dextrinases and disaccharidases. Pancreatic juice also contains lipase to 

break down fat, sterol esterase, phospholipase, and nucleases.  
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The amount of co-product is continuously increased in swine diets thereby increasing the use of 

non-starch polysaccharides (NSP). These diets are better digested and increase feed intake than 

traditional cereal-based diets by NSP enzymes such as xylanases, ß-glucanases (or combination of 

two enzymes), mannanases, α-galactosidases, and pectinases. α-galactosidases break the bound of 

glycosidic, and pectinases enzymes break down pectic substances for example in the plant cell 

wall or large pectin molecules to cellulose/hemicellulose fibrils. After hydrolysis of side-chain 

sugars the total degradation of mannan is breakdown by mannanases and complementary enzymes 

(α-galactosidases). 

Higher importance commercial enzymes in animal nutrition are phytases and carbohydrases. 

There are three different phytases by stereospecificity: 3/1- phytase, 4/6-phytase, 5-phytase.  

Different phytases can be distinguished by catalytic mechanisms: 

 histidine acid phosphatase (HAP) 

 ß-propeller phytase (BPP) 

 cysteine phosphatase (CP) 

 purple acid phosphatase (PAP) 

The phosphorous is an essential element for animals and phytases are enzymes which are capable 

of dephosphorylation of phytate. Grain-based feeds have enough P to bone development, 

metabolic processes, and growth. In contrast, the phytate-bound P is nearly unavailable to the non-

ruminant animal.  

Proteases are one of the large group of enzymes and the majority of commercialized industrial 

enzymes belong to this group. Proteases play an important role in protein metabolism because of 

these type of enzymes capable of hydrolyzing peptide bonds between amino acids. They breaking 

up a protein polypeptide chain into small oligopeptides and after that carboxypeptidase degrade 

oligopeptides to amino acids. Using this kind of enzymes allow using cheaper or low-protein 

content diets. By relating the starch-bound storage proteins by proteases increases the energy 

value of the feed.  
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Exercise 7 
How can precision livestock farming decrease the environmental impact of animal 

production? 

 

Purpose of the exercise: to discuss about the role and benefit of precision livestock farming on 

farm animal production with a lower ecological footprint.  

 

Required knowledge: Students should have some knowledge on livestock production systems and 

precision animal nutrition and precision livestock farming. 

 

Precision livestock farming has both preventive and long-term benefits.  

Identifying and classifying animals is required to create a precision livestock farming (PLF) 

system. Animals should be monitored to get information about their behavior, their physical 

environment, the growth of animals, health status, product yield, and using these data to make a 

model of the animal's life. This allows you to track and control the bio-response and provide 

accurate feedback and prevention.  

Healthy livestock and continuously monitoring can reduce the number of antibiotics, it can 

prevent the disease (for example mastitis, coccidiosis) and reduce the methane, N, P emission. 

Impact on water and soil: 

 The reduction of water and soil phosphorus content is not only achieved by precision 

feeding, but also by the recovery of P from livestock waste. You can use different 

treatment, for example, P-precipitation, solid-liquid separation. 

 The balanced using of animal manure reduces the accumulation of nutrients, metals, 

pharmaceutical compounds (hormones, drugs, antibiotics), in soil and water. Excessive use 

of antibiotics can promote the occurrence of resistant bacteria and these drugs entering the 

food chain and low water quality can lead to eutrophication. 

 By using precision feeding of swine can reduce the nitrogen and phosphorus excretion. 

 

Impact on air: 

 Continuous ventilation provides better indoor air quality in case of swine and poultry. 
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 Using algorithms and sensors for the current moment for insemination. This improves the 

efficiency of productivity and milk production, thus reducing the amount of emitted 

greenhouse gases by 0.9%.  

In the case of dairy cattle the reduction of methane, nitrogen, phosphorus, and antibiotics in soil, 

water, air by tools on rumen physiology, lameness detection, mastitis detection. The methane 

content of air can be reduced by monitoring and regulation of rumination and feeding behaviour.  

Real-time milk analysis and sampling can reduce the carbon footprint in cheese producing as a 

PLF tool. Installing a specific system in milking parlors the equipment can separate the milk in 

two sections in real time.  High casein content leads to better coagulation, less primary energy 

needed,  higher milk-chees quality and increased cheese yield. 

The table shows the primary energy and CO2 emissions in the case of farms (A, B, C) during pre 

(ex-ante) and post (ex-post) precision livestock farming technologies implementation. 

 Farm A Farm B Farm C 

Phases Ex-Ante Ex-Post 
Ex-

Ante 

Ex-

Post 
Ex-Ante Ex-Post 

Primary energy (MJ/head) 465 477 1087 1098 1059 1105 

CO2 emissions (kg CO2/head) 21.0 21.6 50.7 51.5 47.9 49.9 

CO2 emissions (kg CO2/ 100 kg milk) 0.491 0.504 1.241 1.260 0.993 1.036 

Source: Todde et al., 2017, modified 

Only the B farm uses diesel fuel and from this farm, we can observe the highest primary energy 

requirements and CO2 emissions farm the three farms. At the A farm, they use energy saving 

devices by installing new milking facilities and there were the lowest primary energy demand and 

both kind of CO2 emissions,. Considering the fact that the farms have nearly the same number of 

individuals there was a big difference between the A (500 heads, 2140 tons of milk/year), B (600 
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heads, 2453 tons milk/year) and C (480 heads, 2317 tons milk/year) farms in primary energy and 

carbon dioxide emissions.   
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Exercise 8 
Effect of livestock on biodiversity 

 

Purpose of the exercise: To discuss and evaluate the positive and negative effects of animal farms  

on biodiversity, number of plant and animal species. 

 

Required knowledge: Basic knowledge on ecosystem, flora and fauna. 

 

The biodiversity includes genetic diversity, species diversity, and ecosystem diversity to which 

agriculture, livestock, fisheries and foresty have placed significant effect. It is hard to single out 

the role of the livestock sector in the biodiversity crisis because of all the sectors are directly or 

indirectly related and influenced each other.  

 Type of livestock production system 

Mechanism of livestock sector induced biodiversity 

loss 

Extensive 

production 

Intensive 

production 

Forest fragmentation   

Land use intensification   

Desertification  no effect 

Forest transition  no effect 

Climate change   

Invasive livestock  no effect 

Plant invasions   

Competition with wildlife   

Overfishing no effect  

Livestock diversity erosion no effect  

Toxicity no effect  

Habitat pollution   

Source: Steinfield et al., 2006 modified 

Arrows mean the current trends: 

 decreasing 
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 stable  

 increasing 

 rapidly increasing 

We can distinguish five different levels to the extent to which the livestock sector reduces 

biodiversity. The effect of the livestock production system is very strong in forest fragmentation 

and plant invasions by extensive production. Besides, the extensive production had a strong effect 

on the desertification and the intensive production effect the same way to habitat pollution. The 

impact on the land use intensification can be moderated even in the extensive and intensive 

production, too. The same degree of effect can be observed as a result of extensive production in 

competition in wildlife and habitat pollution as well as the effect of intensive production in forest 

fragmentation, overfishing and toxicity. For the other factors in the table, for example, climate 

change or livestock diversity erosion both productions effect was weak or nothing. 

 

A millennia ago the first step of biodiversity loss was the domestication of livestock that led to 

modifying the habitat and climate and invasive alien species appeared. 

One of the most potential problems is the reduction of the livestock’s genetic diversity and the 

pollution caused by the change of habitat. For example, in Europe, 55% of mammalian and 69% 

of avian livestock breed have not been identified and may extinct or they are at risk. 

Pollution is one of the most important drivers of ecosystem change. Pollution directly affects to 

terrestrial and aquatic habitats including food and drinking water. In the aquatic ecosystem, the 

pollution is more pervasive by agricultural and industrial activities, for example, fertilizer residues 

pesticides, antibiotics, heavy metal, biological contaminants and industrial effluents and 

atmospheric emissions. Besides, the excess nutrient loads have led to eutrophication where the 

growth of vegetation and phytoplankton can favor toxic or harmful species and can also change 

the dynamics of aquatic ecosystems and cause loss of biodiversity. Another problem is the acid 

rain which could be caused by the emission of sulfur and nitrogen oxides from industrial livestock 

operations (Steinfield et al., 2006). 
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Exercise 9 
Effect of livestock grazing on biodiversity 

 

Purpose of the exercise: To discuss and evaluate the positive and negative effects of animal 

grazing on biodiversity, number of species on pasture land. 

 

Required knowledge: Basic knowledge on animal grazing, grassland management, pasture yield. 

 

Case studies on grassland to discuss: 

The impact of livestock grazing on biodiversity can be estimated by studying nematodes for 

example. 

In a California on-farm study the nematode assemblages were assessed to infer soil function. 

Samples were taken at three distances from the water at six sites along the stream channel with 

native vegetation. The nematodes represent differences in grazing management and vegetation 

type. Only the first three sites were grazed. 

The table shows the effect of grazing, position from stream channel, time of sampling and 

interactions between the factors on the nematode biomass at the riparian restoration study area 

(nematode biomass µg/ g dry soil).  

Conclusions: nematode diversity is greater in the ungrazed than in the grazed sites and the 

bacterial-feeding nematodes predominate among detritivores in the wet soils as the stream edge. 

Based on the results, the indirect effect of animal grazing on soil conditions can also affect the 

belowground plant biomass and bacterial communities. If the sheep and goats can not add enough 

organic matter to the soil which leads to lower aboveground and reduces root biomass and lowers 

abundance of bacterivores in grazed lands. So the restoration of native vegetation has not had as 

much effect as the researchers expected (Briar et al., 2012). 

 

In the arid shortgrass steppe of Colorado, soil samples were collected to determine if grazing by 

cattle was a disturbance to the soil. Grazing treatments were:  

 long-term grazed (GG) 

 long-term ungrazed (UU) 

 short-term grazed (UG) 
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 short-term ungrazed (GU) 

 

 

 Number of nematodes 

Treatments BF (m-2) PP (m-2) FF (m-2) OM (m-2) PR (m-2) 

GG 800,239 a 847,958 a 299,233 a 190,057 a 50,923 a 

GU 895,099 a 917,045 a 336,434 a 189,204 a 59,020 a 

UG 963,707 a 858,664 a 250,142 a 186,221 a 43,892 a 

UU 1,012,499 a 902,769 a 258,452 a 192,827 a 77,344 a 

Plant 1,158,664 a 1,144,389 a 345,596 a 219,673 a 70,312 a 

Interplant 676,917 b 618,750 b 226,491 b 159,375 a 45,170 a 

Source: Waal-Freckman, Huang, 1998, modified 

The table shows the number of nematodes in four grazing levels. There are five nematode types: 

 BF: bacterial feeders, 

 PP: plant parasites,  

 FF: fungal feeders,  

 OM: omnivores,  

 PR: predators 

As a conclusion, there were no detected differences in nematode abundance in long-term grazed 

and long-term ungrazed treatments however the grazing treatments influence the percent 

contribution of fungal feeding nematodes (Wall-Freckman, Huang, 1998). 

  

Grassland strategy management should be developed to encourage greater reliance on ecosystem 

self-regulation. High input, intensively managed systems (bacterial-feeding fauna) tend to promote 

low diversity while lower input systems (fungal-feeding fauna) conserve the diversity. In 

conclusion, low input grassland farming systems are optimal for increasing soil biotic diversity 

and hence self-regulation of ecosystem function (Bardgett, Cook, 1998). 
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Exercise 10 
Effect of livestock grazing on vegetation of grassland 

 

Purpose of the exercise: To discuss and evaluate the positive and negative effects of animal 

grazing on vegetation, flora, grass yield, plant composition and cover on pasture land. 

 

Required knowledge: Basic knowledge on animal grazing, grassland management, pasture yield. 

 

Analyze the effects of grazing on plant species diversity and plant functional group (PFG) in 

Mediterranean shrublands. Plant species are classified in seven PFGs:  

• annual forbs, 

• annual grasses/sedges, 

• legumes, 

• perennial forbs, 

• perennial grasses/sedges, 

• small shrubs and tall shrubs 

In protected areas plant species richness increased and PFG respond in different ways to grazing 

pressure intensified. The species with short life increased in both diversity and dominants but 

woody species were unaffected by grazing pressure (Hayes, Holl, 2003). 

 

Livestock grazing can be an effective tool for managing invasive species and promoting diversity. 

Carlson (2011) examined the effect of grazing on native plant abundance and diversity in 

California grassland. Grazing significantly reduces cover and fitness of Harding grass, and 

significantly impact species richness by preventing one species from establishing dominance. 

Grazing exclusion increase native species cover and decreasing exotic cover.  

 

Socher et al. (2013) studied the effects of grazing on plant species diversity of grasslands in 

North-East, Central and South-West Germany. Fertilization has the largest and negative effects on 

plant species diversity and composition. Sheep grazed pastures had a higher diversity of plant 

species, while cattle grazing decreased species richness.  
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What are the effects of mixed grazing by horses and cattle on plant community structure, plant 

diversity, heterogeneity in vegetation structure? Mostly, the mixed grazing produced the most 

species-rich and structurally diverse swards. This experiment was on the common of Les Magnils-

Reigniers in the Marais Poitevin (Atlantic coast of France). Conclusions: 

 both cattle and horses grazed selectively and it leads to creating a mosaic of plant 

communities. Selective grazing enhanced the spatial heterogeneity of vegetation. 

 to maximize the biodiversity in grassland can be achieved by grazing with both cattle and 

horses together. 

 horses alone could be satisfactory in the short term but species-poor latrine areas could 

increase with time in the absence of compensatory effects due to cattle, while many 

species do not develop on swards grazed by cattle alone in absence of additive effects due 

to horses 

 preferential grazing by both herbivores on wet depressions, early spring with high biomass  

 preferential grazing by horses could be related to the high sodium content 

 it is hard to graze on the latrine areas which specific to horses (Loucougaray et al., 2004) 
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Exercise 11 
Effect of livestock grazing on soil properties of grassland 

 

Purpose of the exercise: To discuss and evaluate the positive and negative effects of animal 

grazing on soil physical and chemical properties. 

 

Required knowledge: Basic knowledge on animal grazing, grassland management, pasture yield. 

 

The researcher studied different grazing intensities in Northern-China, Inner Mongolia grasslands. 

The climate is semi-arid. Samples were analyzed for bulk density, organic carbon, total N and S, 

pH. 

   Soil characteristic of upper 4 cm  

Plot n Grazing 

intensity 

(sheep 

units/ha/year 

Sand 

(mg/g) 

Silt 

(mg/g) 

Clay 

(mg/g) 

OC 

(mg/g) 

Total 

N 

(mg/g) 

Total 

S 

(mg/g) 

pH 

Heavy grazed 98 2.0 681 209 110 17.0 1.74 0.26 6.6 

Continuously 

grazed 

123 1.2 494 334 171 23.0 2.40 0.29 6.6 

Winter grazing 122 0.5 439 378 183 25.9 2.72 0.34 6.7 

Ungrazed since 

1999 

99 0 467 370 163 25.5 2.65 0.34 6.8 

Ungrazed since 

1979 

98 0 491 349 161 31.0 3.15 0.42 6.6 

Source: Steffens et al., 2008, modified 

No effect can be observed on the pH and C/N ratio but in areas, with lower density grazing the 

bulk density was significantly lower. In sheep grazed areas organic carbon (OC), total nitrogen, 

total sulfur concentrations are decreased (Steffens et al., 2008). 
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Raiesi, Riahi (2014) conducted research in two different types of vegetation, soil, and climatic 

condition. The first studied area was in Sabzkouh, it is woody rangeland with a semi-arid climate. 

Another site was in Boroujen. It’s non-woody rangeland with an arid climate. Sheep were 

excluded on both sites since 1985/86. The experiment was a completely randomized design  

 heavily grazed (HG): continuously and freely grazed by sheep 

 ungrazed (UG): fenced to exclude livestock grazing  

The researchers studied the impact of grazing exposure on soil carbon stock and mineralization, 

ecosystem quality such as microbial biomass C and the activities of invertase and alkaline 

phosphatase involved in carbon and phosphor cycling.   

In upland arid and semi-arid areas, soil C storage and quality may change as a result of long-term 

heavy grazing. The soil organic C (up to 17%), total N (up to 19%) and C/N ratio higher in 

ungrazed rangelands compared with heavily grazed rangelands. Soil invertase activity was 

significantly higher (1.3–2.1 times) in ungrazed than heavily grazed rangelands at both sites. Soil 

biochemical and microbial indices can reflect grazing exclosure effects on soil restoration only in 

woody rangelands. Grazing exclosure practice has a high potential to compensate the C and N 

losses occurred during heavy grazing, leading to the restoration of soil ecological indicators in 

woody rangelands. 

 

The increased sediment and nutrient losses caused by grazing and it lead to serious problem. In 

1999 on a sedimentary landscape near from Charters Towers, the researchers established five 1 ha 

mini-catchments to test the effect of grazing on soil and nutrient loss. They also collect reference 

samples form Burdekin catchment.  

As a result, balanced, extensive cattle grazing raises water quality. Based on the data, it can be 

concluded that the nutrient causes a serious issue in lands similar to the collection sites. In a 

changing climate area, it takes a long time the water quality change positively (O’Reagain et al., 

2005). 
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