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PREFACE 
 

 

This book examines the most up-to-date research in the agricultural field. 

The first chapter discusses growing techniques for raspberry plants suitable for 

subtropical areas. Chapter Two presents current information on raspberries 

postharvest technology and the main nutritional characteristics, composition in 

terms of macro and micronutrients, as well as the most abundant bioactive 

compounds in this fruit. Chapter Three provides a detailed analysis of reduction 

potential for methane emissions arising the the production of edible protein with 

Holstein cattle in Northern Germany. Chapter Four reviews farm management 

and feeding strategies for donkey milk production. Chapter Five focuses on the 

β-casein variant among different native and cross breed cattle maintain at India. 

Chapter Six presents the prospects of enhancing nitrogen use efficiency (NUE) 

via increasing soil organic matter (SOM) as a result of improving soil fertility. 

Chapter Seven analyses the detected spatial and temporal variations on grass 

aeroallergens as well as their possible interactions with air pollution as regards 

allergic diseases. Chapter Eight talks about the applications of rice hull 

carbonization and their potential to provide farmers opportunities for added 

income as a way of enhancing their resilience to the impacts of climate change. 

Chapter Nine discusses recent advances in biocontrol of stored-grain insects 

using entomopathogenic fungi. 

Chapter 1 - The interest in raspberry cultivation has grown in non-

traditional areas, including the subtropical ones, where there are less 

accumulation of chilling hours than in the temperate regions. This chapter aims 

to show the main and current information about raspberry growing in 

subtropical areas, bringing together cultural techniques of propagation, planting, 

pruning, and dormancy breaking. The choice for cultivars that are less 

demanding for hibernal cold and the acceptance of special growing techniques 
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for these regions are factors that enable the success of the culture. Another 

positive point in growing raspberry plants in the subtropical regions is the 

possibility of carrying out the pruning and forced bud breaking even in winter, 

resulting in the early harvest of the fruit, not competing with the traditional 

regions. Given the high charge of the raspberry fruit in the subtropical areas and 

the possibility of marketing out of season in the traditional areas of 

consumption, raspberry growing is highly suitable for small, medium and large 

growers also in the subtropical regions. 

Chapter 2 - Raspberries (Rubus idaeus L.) are considered highly perishable 

fruits and require postharvest cares to maintain their visual and nutritional 

quality. Numerous are the technologies that can be employed in order to increase 

their shelf life, spanning from primordial technologies to the emerging ones. 

Due to their elevated nutritional quality, raspberries are widely studied, 

highlighting the most important compounds for the health of those who consume 

them. In this chapter, the authors present the main and current information on 

raspberries postharvest technology and the main nutritional characteristics, 

composition in terms of macro and micronutrients, as well as the most abundant 

bioactive compounds in this fruit. 

Chapter 3 - Greenhouse gas (GHG) emissions have to be reduced to avoid 

unwanted effects on the world’s climate. In northern European agriculture, 

animal husbandry is a significant source, with methane (CH4) emissions from 

dairy cattle herds contributing about 50% of total GHG emissions from livestock 

production. Pathways to emission reduction that do least harm to agriculture and 

society are evaluated in this study which combines the authors’ findings with 

results obtained elsewhere. It also indicates the side effects that may arise from 

implementing measures focussed on reducing CH4 emissions. The common 

denominator for the main products of a dairy herd, milk and meat, is edible 

protein, to which emissions are related in this paper. 

Increasing milk yields are positively correlated with all CH4 and other GHG 

and air pollutant emissions, but negatively with the emissions per mass unit of 

product. Increasing slaughter weights of beef cattle result in increased absolute 

and protein-related emissions. Increased rates of weight gains have the opposite 

effect. 

Milk production in the northern German regions with high-yielding dairy 

cows (pure-bred Holstein) leads to short productive lifespans, high animal loss 

rates and disease incidences which affect the structure of the entire herd by 

increasing the proportion of non-lactating replacement animals. Also, the 

amounts of marketable milk are reduced as some milk has to be discharged to 
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slurry (where it creates minor emissions) as a result of increased rates of dairy 

cow sickness. 

For various reasons (relatively constant production and environmental 

conditions, better control of feed intake, reduced labour, etc.), dairy cattle are 

kept in buildings rather than being allowed to graze. Beef cattle are almost 

completely fattened within buildings. Only dairy heifers graze regularly. 

However, grazing reduces emissions, as long as the pasture quality is good 

enough. 

In dairy herds beef production is a by-product of milk production. Here, 

weight gains and protein content of the carcasses of fattening bulls/heifers or 

older cows vary between breeds. Sexed semen can be used to produce more 

efficient male crossbreds and at the same time reduce emissions. It could be 

shown that the present state of the art may not justify the effort. 

The synthesis of milk fat in the udder is an energy consuming process. 

Long-term changes in consumer preferences have increased cheese production 

at the expense of butter. Hence, milk production with less fat and more protein 

contents might be an option. However, the consequent reduction in emissions is 

very small. 

Changes in the rumen biome resulting in reduced CH4 emissions are not 

dealt with in this paper. However, an overview on the complex subject is given 

that explains the authors’ circumspection. 

In Germany, slurry digestion is sponsored as a means of producing 

renewable energy. It also helps to reduce CH4 emissions from manure 

management, but causes additional problems with ammonia (NH3) emissions, 

following subsequent spreading of the digestate. 

The German fertilizer enactment allows for considerable surplus N inputs 

ofmineral fertilizers. As CH4 is a major energy source and reactant in NH3 

synthesis, any reduction of fertilizer production will also lead to reduced CH4 

emissions as a side effect. 

A set of scenarios illustrates to what extent the combination of methods can 

result in considerable reductions of CH4 and other air pollutants and reduce the 

extreme N inefficiency in German livestock production. Finally, the feasibility 

of all measures described is discussed. 

Chapter 4 - As a unique species of equine, the donkey has certain specific 

variation from the horse; it is no longer acceptable to simply look on the donkey 

as a small horse. Domesticated only for approximately 5,000 years, the donkey 

has been and still is used for draught and production purposes and working and 

living alongside humans all around the world. More recently, the donkey has  
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also found a role as a pet and companion. In some Countries, donkey milk and 

meat are also much prized. Donkey milk was used in the ancient times for its 

medicinal and cosmetic properties. Though it had long been forgotten, it has 

gained new popularity with today's request for natural medicine, and for 

nutrition of children affected by Cow Milk Proteins Allergy. Donkey milk has 

been extensively studied, however little is known about donkey nutrition and 

particularly about the effects of donkey nutrition on milk production. As a 

matter of fact, though donkeys are part of the equid family, their feeding habits, 

their digestive anatomical and physiological particularities differ from those of 

horses. Donkeys have a higher food intake, a longer gastrointestinal transit and 

a greater dry matter digestibility, and are therefore able to enhance poor forage 

better than other equids. Basing the diets formulation on the study of the 

macroscopic anatomy of their gastrointestinal tract, this chapter provides 

information on the dietary requirements of donkeys whose milk is destined for 

human consumption. Comparisons between donkey and ruminant digestive 

systems are made; practical management tools for donkey breeding are also 

indicated in the chapter, such as the methods necessary for donkey body 

condition scoring and donkey body weight estimation. 

Chapter 5 - Cow milk is an important source of nutritious food having a 

high quality of protein, carbohydrate and micronutrients. Milk protein 

constitutes mainly of casein and a small portion of α-lactalbumin and 

lactoglobulin, four types of caseins present in the cow milk namely α-s1 casein 

and α-s2 casein, ß-casein, k-casein. ß-casein (25-30%) is the second most 

abundant protein present in milk next to the α-s1 casein (39-46%). 13 genetic 

variants seen in the β-casein due to different muatations of which A1 and A2 

variants are the most common. A single nucleotide substitution at the position 

67th of the amino acid residue with histidine (CCT) to proline (CCA) results in 

the A1 and A2 variants.Gastrointestinal digestion of β-casein protein leads to 

the production of bioactive peptidebeta-casomorphin 7 (BCM-7), which has 

adverse physiological effect. Beta-casomorphin 7 (BCM-7) products from the 

digestion of A1 variant ß-casein is four times higher than A2 variant milk. 

BCM-7 induces the opoid activity by interacting with the μ andδopoid receptors 

in different tissues and organs including respiratory tract, digestive tract and 

immune systems, it also catalyses the oxidation of Low Dietary Lipoprotein 

(LDL). A1 is the most frequent in exotic cattles whereas A1 is observed in 

indigenous and buffalo milk.  

Consumption of genetic variant A1 milk have adverse effects in human 

health includes type-1 diabetes, sudden infant death syndrome, coronary heart  
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disease, arteriosclerosis, autism, schizophrenia etc.It has been evident that 

consumption ofβ-caseinA1 is associated with higher national mortality rates 

from ischaemic heart disease and consumption of milk containing high levels 

ofβ-caseinA2 have a lower incidence of cardiovascular disease and type 

1diabetes. There is a reduced autistic and schizophrenic symptom with decrease 

in A1 milk consumption. Population consuming A2 variant milk have lower 

incidence of cardiovascular diseases and type-1 diabetes and also less severity 

of symptoms seen in autistic and schizophrenic. The chapter also focuses on the 

β-casein variant among different native and cross breed cattle maintain at India. 

Chapter 6 - Nitrogen (N) plays a crucial role on the yield determination 

when there are relatively adequate conditions of plant growth. Generally 

estimates of overall efficiency of applied industry N fertilizer have been 

reported to be about or lower than 50% for inputs. In this review, the authors 

present the prospects of enhancing N use efficiency (NUE) via increasing soil 

organic matter (SOM) as a result of improving soil fertility. It includes the 

properties of soil fertility, an increased knowledge of the mechanisms on NUE 

and for reducing excessive loss of N fertilizers along four aspects: N cycle and 

plant uptake, soil fertility and organic matter functions, organic matter 

mineralization, and improving N use efficiency. Plant N uptake as a result of 

soil fertility is directly linked to NUE. The SOM can improve soil fertility along 

balanced plant nutrients, organic N source, improving water holding capacity, 

as well as other all soil physical, chemical and biological properties. These 

benefits are also the protection of environment from risks of N leaching and 

NOx emissions.  

Chapter 7 - Pollen from grass family (Poaceae) is one of the most important 

aeroallergens in the world. It is estimated that around the 10% of the population 

of the United States and the 20% of the European one suffers grass pollen 

allergy. This botanical family includes more than 12000 wind pollinated 

species, most of them annual or biannual herbs that share the same pollen type. 

Their growing and reproduction is controlled by different climatic parameters 

as photoperiod, water availability, temperature, and even wind. The 

reproductive phenology of these plants control the quantity and timing of pollen 

emission to the atmosphere, ant it is influenced by different factors such as type 

of species, land use, latitude, altitude and climate. At a local level grass 

phenology presents interannual variations depending on meteorological 

conditions of each year but climate determine the general features of flowering 

pollen emission in each area. 

 

Complimentary Contributor Copy



Prathamesh Gorawala and Srushti Mandhatri xii 

It is now widely accepted that the earth’s climate is changing and that 

changes are affecting to temperature and also to the amount and intensity of 

precipitation. Different studies all over the world have revealed important 

effects of climatic change on the plant phenology and also on the prevalence 

and severity of allergic diseases. In the present review the authors analyse the 

detected spatial and temporal variations on grass aeroallergens as well as their 

possible interactions with air pollution as regards allergic diseases. 

Chapter 8 - In the Philippines, the conversion of rice hull into biochar, 

through the process of carbonization, is becoming a popular practice among 

Filipino farmers particularly those practicing the Palayamanan, a diversified and 

integrated system of farming. Under the Palayamanan, biochar from rice hull 

has variety of uses – mostly as soil conditioner, as animal bedding to facilitate 

urine and manure collection in poultry and livestock, as as ingredient in the 

production of organic fertilizers, as base material for making microbial 

inoculants in composting, and many others. 

To help popularize the use of, as well as improve the process of making, 

biochar from rice hull, an improved biomass carbonization system was 

developed. It is a system that has almost smokeless emission wherein the 

generated heat is recovered for various applications in the farm. This paper talks 

about these applications and their potential to provide farmers opportunities for 

added income as a way of enhancing their resilience to the impacts of climate 

change. 

Chapter 9 - Due to the lack of recent reviews on biocontrol of stored-grain 

insects with entomopathogenic fungi (EPF), the present article reviews the 

recent advances achieved in the subject. The relevant literature cited in this 

article indicates that many strains of EPF were used against these insects in 

unformulated form, but with a variable degree of efficacy depending on the 

virulence of the fungus strain used and the targeted insect species. However, 

very few investigators have tested certain types of formulations during 

application of EPF strains against stored-grain insects showing an improved 

efficacy, but no registration of any type of these formulations so far has been 

done. The critical discussion of the article has thus revealed the lack of any 

commercially registered EPF product for biocontrol of insects under storage 

conditions. Also, the management programs of these insects did not contain any 

application of EPF biopesticides. Therefore, the present revision has critically 

identified the following potential areas of further and future research for an 

effective biocontrol of stored-grain insects with EPF: i) applying the effective 

formulation(s) of EPF as biocontrol agents of stored-grain insects, then ii) 

integrating the most effective EPF formulations, after registration, in 
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management or in IPM programs of these insects. The availability of registered 

products of EPF is still facing many problems of which acceptance of the 

stakeholders for introducing these pathogens into their storage facilities is the 

most important. Such registered EPF products will constitute an appropriate 

alternative means to synthetic insecticides and fumigants commonly used for 

the control of these insects. 
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Chapter 1 

 

 

 

GROWING TECHNIQUES FOR  

RASPBERRY PLANTS SUITABLE FOR  

SUBTROPICAL AREAS 
 

 

Jaqueline Visioni Tezotto-Uliana1,*,  

Natalia Dallocca Berno1 and Ricardo Alfredo Kluge1 
1Biological Sciences Department - Luiz de Queiroz College of Agriculture 

(ESALQ), University of São Paulo (USP), Piracicaba/SP, Brazil 
 

 

ABSTRACT 
 

The interest in raspberry cultivation has grown in non-traditional 

areas, including the subtropical ones, where there are less accumulation of 

chilling hours than in the temperate regions. This chapter aims to show the 

main and current information about raspberry growing in subtropical areas, 

bringing together cultural techniques of propagation, planting, pruning, 

and dormancy breaking. The choice for cultivars that are less demanding 

for hibernal cold and the acceptance of special growing techniques for 

these regions are factors that enable the success of the culture. Another 

positive point in growing raspberry plants in the subtropical regions is the 

possibility of carrying out the pruning and forced bud breaking even in 

winter, resulting in the early harvest of the fruit, not competing with the 

traditional regions. Given the high charge of the raspberry fruit in the 

subtropical areas and the possibility of marketing out of season in the 

                                                           
* Correspoding Author E-mail: jaqueline.tezotto@usp.br. 
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traditional areas of consumption, raspberry growing is highly suitable for 

small, medium and large growers also in the subtropical regions. 

 

Keywords: Rubus idaeus L., propagation, planting, pruning, dormancy 

breaking 

 

 

1. INTRODUCTION 
 

The raspberry plant (Rubus idaeus L.) belongs to the family Rosaceae, 

genus Rubus, which includes herbaceous, perennial and biennial plants. The 

plant is native to central-northern Europe (mountainous areas of the 

Mediterranean) and part of Asia. This species has some growing limitations due 

to its sensitivity to the climate, thus it must be grown in a cool summer area, 

which reaches temperatures no higher than 7.2°C for 600 hours in winter and 

presents 700 to 900 mm of annual rain (Raseira et al. 2004). 

Most cultivars of this species are rustic, with a good performance in various 

types of soil (Daubeny 1996). However, the deep soils, well drained, with good 

water retention capacity and a low clay content are the most recommended. The 

pH might be neutral to slightly acid (5.5 to 6.5) and the organic matter content 

might be higher than 3% (Demchak 2005). 

The root system is fasciculate and constitutes the perennial part of the plant. 

The young stems grow every year from the root system and contain the 

reproductive buds that originate the fruit. The root system has a growth peak in 

midsummer, influenced by soil temperature. In winter, the adventitious roots 

grow at irregular intervals (Atkinson 1973). 

The raspberry stems have cylindrical shape and can either present spines or 

be spineless. The nodes production rate does not show high variation throughout 

the growing season, while the elongation rate of the internode varies with the 

cultivar and is considerably influenced by climatic conditions. Most raspberry 

plants have only one axillary bud per node and all buds are potentially fruitful. 

However, a secondary bud may grow with equal vigor to the main one (Oliveira 

2007; Waldo 1934). 

The young leaves and fruiting branches are trifoliate, whereas the adult ones 

have five folioles. The upper side of the leaves is glabrous and without stomata, 

while the underside presents a large number of hair and stomata. Some 

peculiarities of raspberry leaves are their ability to absorb water and move it 

either upward or downward, as well as a higher water carrying capacity than the 
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plant needs (Brierley and Landon 1936). Leaf fall occurs in autumn in most of 

the cultivars. 

The inflorescence is summit type wherein the principal shaft is topped by a 

flower. Flowering begins at the top, followed by other flowers that appear 

successively toward the base, in secondary rachis (Moore and Caldwell 1985). 

The flowers are hermaphroditic and have about 2.5 cm of diameter, five sepals 

and five petals. The petals are usually small and white, but may occur in pink or 

red. Carpels are on a plump receptacle, surrounded by rings of stamens, inserted 

into the calyx. Although several species of insects visit the raspberry flowers, 

the honeybee is considered the largest and most efficient pollinating agent 

(Oliveira 2007). 

After fertilization, the ovary develops forming a drupe, it means, a drupel 

that develops from an ovary. Thus, the result is an aggregate drupe formed by 

joining a large number of ovaries, all from the same flower, and adhered to a 

common receptacle. With maturation, an abscission layer is formed at the 

junction point between the drupel and receptacle, the latter being attached to the 

plant, resulting in a hollow fruit (Oliveira 2007; Raseira et al. 2004). 

The fruit formed is extremely fragile, presenting 10 to 20 mm of diameter, 

a pleasant taste, slightly acid, and a peculiar flavor. According to the species  

and cultivars, the color varies from yellow to black, including orange, red and 

purple tones, being red the most common one (Raseira et al. 2004). Another 

important aspect of raspberries is related to their nutritional compounds:  

they have high antioxidant capacity, besides anti-inflammatory, anticancer and 

cardioprotective agents when consumed fresh (Bomser et al. 1996; Heinonen et 

al. 1998). 

Because of all these attributes, both consumption and interest in growing 

raspberries have increased in different regions of the world, including the 

subtropical areas, where this culture has not been known. These areas do not 

achieve the required hours of cold; however, it is possible to plant and harvest 

raspberry cultivars that are less demanding for cold or suitable to the subtropical 

climate. The selection of species with the required characteristics in each region 

of cultivation, breeding and production of genetically modified organisms has 

been studied previously (De Oliveira et al. 2008). 

Currently, there are some cultivars suitable for planting in subtropical 

regions, such as Brazil and China, where cold accumulation ranges from 250 to 

300 hours. The main red raspberry cultivars are Autumn Bliss, Heritage, Batum, 

Southland and Polana; the yellow are Golden Bliss and Fall Gold; and the  

black are “rapsberry-de-mysore” (Rubus niveus Thunberg) and the hybrid 
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Boysenberry (R. ideaus x R. ursinus) (Abreu Moura et al. 2012; Jin et al. 1999; 

Moyer et al. 2002; Raseira et al. 2004). 

Raspberry growing in subtropical areas implies some changes, such as 

dormancy breakage with chemical agents, early pruning, different row spacing, 

early ripening and a unique period of harvesting and marketing (Abreu Moura 

et al. 2012; Castilho Maro et al. 2014; Curi et al. 2014; Curi et al. 2015; Daubeny 

1996). 

Thus, this chapter aims to show the main and current information about 

raspberry growing in subtropical area, bringing together cultural techniques as 

propagation, planting, pruning, and dormancy breaking. 

 

 

2. PROPAGATION 
 

Raspberry plant multiplication has been made by propagation, in view of 

the long waiting time for fructification and the great genetic variability, due to 

segregation, when seeds are used. Furthermore, studies have demonstrated that 

the cultivars appropriated for cultivation in subtropical regions present good 

propagative capacity (De Oliveira and Pacheco Nino, 2009; Leitzke et al. 2010; 

Silva et al. 2012; Tiberti et al. 2015). 

Among the asexual reproduction methods, stem cuttings and the 

development of root seedlings (shoots) are the most used, which is due to the 

fact that the grower himself can produce new seedlings, for either renovation or 

extension of the orchard. 

Another propagative method that has been gaining space in the subtropical 

regions is the micropropagation, a technique that is already renowned and 

widely used in Italy and the USA (Debnath, 2003). In Brazil, for example, the 

Brazilian Agricultural Research Corporation (Embrapa – Empresa Brasileira de 

Pesquisa Agropecuária) has been developing several works in this research 

field, providing propagules for many private companies that began their 

activities in this sector. 

Described below are the main propagative methods for the raspberry plant. 

 

 

2.1. Cuttings 
 

Herbaceous or stem cuttings can be employed in the production of raspberry 

seedlings. Herbaceous cuttings are formed from new branches, taken from the 

same farming in the months of May and June. These cuttings must have from 
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15 to 20 cm in length and 5 to 7 mm in diameter (Raseira et al. 2004). Stem 

cuttings are formed from semi-woody branches, from the stalks that were 

eliminated in the winter pruning. These cuttings must have from 10 to 15 cm in 

length and 7 to 10 mm in diameter and are the most common, considering the 

great material availability resulting from the production pruning (Castilho Maro 

et al. 2012). 

The preparation of both cuttings consists of making a straight cut in the apex 

and another one in bezel at the base, removing all the leaves and burying 2/3 of 

its length in the vertical position. 

The cuttings must be placed in tubettes with sterilized sand and humidified 

up to field capacity. When the roots reach the bottom of the tubettes, the cuttings 

must be transplanted to larger bottles containing substrate, or be placed in 

bundles and buried in a shading place (Raseira et al. 2004; Silva et al. 2012). 

Some cultural handlings in the cuttings, such as the storage in a refrigerated 

and moist environment and the treatment with plant regulators (synthetic auxins 

and cytokines), can be employed in order to increase the emission of roots. 

Nevertheless, in some works with raspberry plant cultivars adapted to the 

subtropical regions it was verified that the application of these bioregulators did 

not show an increase in rooting rate, indicating that these treatments are 

unnecessary for seedling production (Silva et al. 2012; Tiberti et al. 2015). 

 

 

2.2. Development of Root Seedlings (Shoots) 
 

Root seedlings are fragments of roots from the stalks that sprout in the 

between-row (shoots) and are also used as cuttings for seedling production of 

this fruit tree (Castilho Maro et al. 2012). Their preparation consists of a straight 

cut of both ends of the shoot, generating cuttings of 8 to 10 cm in length and 8 

to 10 mm in diameter. The leaves must also be removed and the planting must 

be performed in the horizontal line, at a depth of 3 cm, in a rooting bed filled 

with sand or vermiculite, controlling the moisture daily. After the development 

of the aerial part, the shoots must be transplanted in plastic bags containing 

substrate to complete the formation of seedlings (Silva et al. 2012). 

Likewise herbaceous and stem cuttings, the shoot’s development is an easy, 

quick, low-cost method and does not require the use of cold nor plant regulators 

for the rooting. 
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2.3. Layering 
 

Layering consists of the rooting of a portion of the stalk still connected to 

the parent plant. 

This portion can be either near the stalk’s basal part (tip layering) or near 

the aerial part closer to the apex (air layering or marcotting). This kind of 

propagation presents a higher rooting percentage and independence of 

infrastructure (vegetation house with a nebulization system) when compared to 

layering (Pio et al. 2007). 

The tip layering consists of bending and burying from 10 to 15 cm of the 

semi-woody stalk with substrate based on pine bark and humidified fine-grained 

sand. The air layering consists of involving from 10 to 15 cm of the median part 

of the semi-woody stalk with humidified pine bark or sphagnum (dry moss), 

involved by a transparent plastic tied to the ends. Raspberry air layering does 

not require girdling. In tip layering, a cut in bezel must be performed in the 

stalk’s apex and in the air layering the leaves must be removed. 

Similarly to the cuttings, studies have been demonstrating that the use of 

auxins does not improve raspberry rooting (Silva et al. 2012). 

 

 

2.4. Micropropagation 
 

In micropropagation, thousands of clones from a plant are produced from a 

single plant somatic cell or from a small piece of plant tissue (explant). This 

method is based on the techniques of in vitro plant tissue culture, following the 

subsequent steps: pretreatment of matrix plants regarding the presence of  

pests; explant collection; indexing; explant disinfection; meristems extraction; 

in vitro establishment; multiplication; rooting; transplanting in greenhouse and 

acclimation. 

The micropropagation of various Rubus species has been reported by 

numerous researchers for many years (Debnath 2003; Debnath 2004; Hoepfner 

and Nestby 1991; James et al. 1980); however, for the cultivars that are 

appropriated for the subtropical conditions, this method is more recent. Leitzke 

et al. (2010) showed that the MS culture medium (Murashige and Skoog 1962) 

and the cytokinin 6-benzylaminopurine (BAP) in the concentration of 15 μM 

was more efficient, inducing a higher average number of leaves, shoots and 

buds, being thus the most indicated micropropagation form of the raspberry 

plant. 
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3. PLANTING OF SEEDLING 
 

The planting place must provide good luminosity, high relative air 

humidity, good aeration (air mass movement) and protection against strong 

wind and frost. As mentioned in the introduction, most of the cultivars have a 

good adaptation to diverse kinds of soil, even though they have some 

requirements. Regardless of the soil type, the recommendation for planting is 

pH correction, which must be made with at least six months in advance, and the 

incorporation of fertilizers, three months before the planting. As seedlings need 

some time to develop a vigorous root system, it is not advisable to fertilize them 

right after planting. The exception is nitrogen, which can be added to the soil in 

the subsequent weeks. Still regarding the place, raspberry seedlings shall not be 

planted immediately after the growth of Solanaceae, due to the risk of 

contamination with Verticillium wilt (Fernandez et al. 2014). 

Seedling planting must be performed between the last weeks of winter and 

the first ones of spring (Raseira et al. 2004). It is essential that, immediately 

after planting, the seedlings be irrigated and that a high soil moisture be kept 

until the root system starts growing, which usually takes 2 weeks. The 

recommended spacing is 0.3 to 0.5 m between plants and 2.0 to 2.5 m between 

rows. However, the producers from some Brazilian states (Minas Gerais and 

São Paulo) have been using dense planting, with spacing of 0.10 x 1.5 to 2.0 m 

and, with this, enhancing yields. The growth row must have from 45 to 60 cm 

in width, to assure shoot growth. 

Besides spacing, row direction is another important point to be considered 

in the planting. The row must have a north-south orientation, to obtain a higher 

light interception, and be directed toward the prevailing wind, which allows a 

better air circulation (Fernandez et al. 2014). 

 

 

4. DEVELOPMENT OF THE ORCHARD 
 

Right after planting, the seedlings start to develop, with stalk growth and 

formation of the aerial part, which needs conduction. The most indicated 

conduction system for the great majority of the raspberry cultivars is trellising 

(Daubeny 1996). This system facilitates the harvest and the application of 

agrochemicals, increases luminosity inside the orchard and avoids the direct 

contact of the fruits with the soil. The overhead pergola system is not 

recommended, as the raspberry plant has a similar growth habit to the creeping 
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plants, shows a constant renovation of the aerial part and production in the ends 

of the branches. 

The three types of trellising most indicated for this plant are presented in 

the following subsections. It is worth mentioning that the choice between them 

depends on the availability of financial investment and of the labor. In all of 

them the posts or stakes must be made of treated wood. 

 

 

4.1. Simple Trellising or Hedgerow 
 

In this conduction system, fence posts of 0.10 to 0.15 m in diameter must 

be spaced at each 6 to 9 m in the cultivation row and buried at least 0.3 m deep. 

A single wire line must be passed in the height of 0.9 to 1.20 m from the soil. 

The stalks must be tied to the wire at the end of the winter or beginning of the 

spring. This system is easy to build and does not require great initial 

investments; nonetheless, the illumination of the cultivation row is reduced, 

which favors the appearance of shoots in the aisles. In a simple espalier, the 

primocanes (reblooming) cultivars have a better production than the floricantes 

(non-reblooming) ones. 

 

 

4.2. “V” Trellis 
 

In this system, the wire is bound to three posts, two of which are aligned in 

front of the third, spaced at 1 m and buried in angles of 20 to 30° from the soil’s 

margin, which forms a “V”. Typically, two lines of wire are used, one at 0.60 

and the other at 1.20 m from the soil. Half of the stalks must be tied to each of 

the wires sides, which minimizes the competition for light, facilitates the 

cultural treatments and significantly enhances productivity. The “V” trelliS has 

great results for both primocanes and floricanes cultivars; however, it is the most 

expensive conduction system. 

 

 

4.3. “T” Trellis 
 

In the “T” trellis, stakes of 0.75 to 1.0 m in length are positioned in the posts 

and the wire is passed around them. The stakes must be placed from 0.9 to 1.20 

m from the soil and the posts must also be at a 6 to 9 m distance. The stalks can 
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be either tied to the wire or just stay leaning on it. This is the most used system, 

mainly for the floricanes cultivars. 

Regardless of the conduction method, usually, the plants start to produce 

from 1 to 1.5 years after the seedlings are transplanted. In the subtropical 

regions, the fructification occurs since November, with harvests extending from 

December to March, depending on the variety, cultivation place and conduction 

type. In the primocanes cultivars there may be production in autumn, which 

happens from March to May in the South hemisphere. 

Just as in other fruit species, flowering and fructification can also occur in 

the same year that the seedlings are planted. This happens because the seedlings 

come from adult tissues and found favorable environmental conditions for the 

occurrence of these events. However, the grower must discard the flowers and 

hinder the fructification, keeping the energy for the plant growth. This will make 

it more vigorous and assurance the production in the subsequent years. 

The raspberry plant reaches maturity 4 years after the planting, with 

productivity of 5 to 6 t ha-1. The plants should fructify for, at least, 6 years, but 

if well conducted they can produce for up to 20 years (Demchak 2005). 

 

 

5. PRUNING 
 

In order for the raspberry plants to have a good vegetative growth and good 

productivity in the regions with subtropical climate, there is a need for a 

different management in relation to the pruning. Nonetheless, in order to 

succeed in this technique, the comprehension of this fruit tree’s fructification 

physiology is of great importance. 

Regarding the form of fructification, the raspberry plants can be classified 

as primocanes or reblooming and floricanes or non-reblooming. In the 

primocanes cultivars, the stalks emerge from the root system during the spring, 

grow in the summer and, in the autumn of the same year, already produce a 

harvest, from the apical buds. In the winter, the plant stays in dormancy, which 

is broken in the beginning of the spring, when the median and basal buds (of the 

previous year’s stalks) sprout. Then, in the end of the spring and during the 

summer, the second harvest of these stalks occurs. In the floricanes cultivars, 

the stalks also emerge from the plant’s base in the spring, but they only vegetate 

in the first year, sprouting and producing in the end of the spring and during the 

summer of the following year. Thus, likewise the primocanes raspberry trees, 

the floricanes also stay in dormancy during the winter; however, they require 

more cold hours for floral induction and differentiation (dormancy breakage) 
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(Pagot 2006; Alcayaga et al. 2009). For this reason, the primocanes cultivars are 

the most indicated for cultivation in the subtropical regions. 

Regardless of being primocanes or floricanes, the fructification pruning or 

winter pruning (paring) must be made after the harvest. This is a drastic pruning, 

since all the stalks that have already produced must be cut in the height of 5 to 

10 cm from the plant’s base (Raseira et al. 2004). The purpose of this pruning 

is to eliminate the branches that will not produce again and thus improve the 

density of the new stalks for the following harvest. Furthermore, this pruning 

reduces the presence of possible pests and diseases that would otherwise attack 

the plant. During this practice, the new stalks can be tied to the wires. 

In the primocanes cultivars, the stalks green pruning (lopping) must be done 

after the first harvest (of autumn). In this pruning, only the apical buds that have 

already sprout are removed, aiming at the preparation of the plant for the spring 

harvest, which is larger than the previous one. After the second harvest, these 

stalks must be pared (Raseira et al. 2004). The green pruning is also practiced 

in the floricanes cultivars, and in the primocanes that are cultivated in regions 

with subtropical climate with the intention of extending the harvest. In this case, 

the pruning must be performed leaving between 1.10 and 1.50 m of height, but 

also considering the stalks width – the wider the stalk, the bigger will be its final 

size. The desirable is to leave 15 buds per stalk. This kind of pruning is possible, 

because the vegetative parts develop rapidly and become productive, originating 

some more fruits. 

The growth of primocanes raspberry plants in some Brazilian states (São 

Paulo and Minas Gerais) have shown that when these plants are grown in 

subtropical regions, the autumn production does not occur, but there are two 

productions in the spring and summer of the following year. For the two 

productions to occur, it is necessary to perform the green pruning immediately 

after the first harvest. 

Studies have evidenced that the median and basal buds of the primocanes 

raspberry plant stalks cultivated in subtropical regions present an inferior 

budding and flowering capacity than apical buds (Castilho Maro et al. 2012; 

Gonçalves et al. 2011). In this case, one option is to perform the drastic pruning 

of the stalks during the winter, which generates production increases in relation 

to the green pruning (Parra-Quezada et al. 2007). 

In addition to the fructification pruning (paring) and the green pruning 

(lopping), a cleaning pruning (thinning) can be performed in the beginning of 

the spring. This pruning aims at reducing the density of vegetative stalks in the 

row and, with this, increase its width, which will result in an improvement of 

the stalk’s support and better fruit quality (size and flavor). This pruning also 
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improves the canopy aeration, reducing the disease infestation, facilitating the 

health management and the harvest. For this, from 5 to 10 stalks per plant or 

from 20 to 25 plants per linear meter must be left, prioritizing the most vigorous 

ones, with a large amount of buds and free of diseases and damages (Alcayaga 

et al. 2009; Fernandez et al. 2014). 

Besides these three types of pruning, the elimination of the shoots that 

sprout in the between-row is another important cultural treatment, since if left, 

they increase the plant’s energy expenditure in an unnecessary way, reducing 

the fruit quality. The elimination of these shoots can be made in a natural or 

chemical way, in the months of September and October. 

It is worth mentioning that the determination of the type and moment of 

pruning must take into account, besides the plant’s physiology, the labor 

availability and the goals of the grower, in other words, one or two harvests of 

the same stalk, the period of harvesting, desired destination for the fruit, etc. 

 

 

6. DORMANCY BREAKAGE 
 

The dormancy is a physiological state of rest, in which plants of temperate 

and subtropical climates stay in order to survive climatic conditions that are 

unfavorable to their development. Usually, this rest is a consequence of low 

temperatures in winter (cold), as well as the reduction of the day length and 

increase of the night period (photoperiod and solar radiation). 

When the growth region reaches the amount of cold hours necessary for 

dormancy breakage (250 hours of temperatures ≤ 7°C in the case of the 

primocanes cultivars that are less demanding for cold), and right after presents 

an increase in temperature and solar radiation, the plant naturally breaks 

dormancy and starts budding. When there is no natural dormancy break, the 

plants present low budding and flowering percentages and, consequently, low 

productivity. 

To reverse this situation, the fruiter must use chemical products that 

promote dormancy breaking and standardize the budding and flowering. Among 

the few products used for this purpose is hydrogen cyanamide (Dormex®), 

which is the most known plant regulator in orcharding. Its mode of action is not 

completely elucidated yet. Some studies indicate an interference in the cells 

respiratory system and in some enzymatic processes that control plant 

dormancy, such as calatase activity (Botelho and Pires 2003). Other products 

that have been used in tests in fruit trees are Stimulate® (0.005% auxin, 0.005% 

gibberellin and 0.009% cytokinin), garlic extract and the use of hot water (an 
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average of 41°C, for 1 hour) (Garbelini Perussi et al. 2010; Rantanen and 

Palonen 2010; Segantini et al. 2011). Nevertheless, these products do not 

achieve the same efficiency of hydrogen cyanamide. 

In the raspberry plant there are few studies related to dormancy breakage, 

and the existing data evaluate the use of hydrogen cyanamide and hot water in 

conditions of lack of hibernal cold in greenhouses (Palonen et al. 2008; 

Rantanen and Palonen 2010). The results have demonstrated that none of the 

treatments was better than the normal conditions of dormancy breakage; 

however, hydrogen cyanamide has advantages regarding the number of shoots 

and flowers. 

Therefore, the most indicated for raspberry plant growth in the subtropical 

regions is the use of hydrogen cyanamide in the swollen (bloated) stalk buds 

right after the fructification pruning. The plant flowering, usually, occurs from 

30 to 35 days after the use of the product, and in this period, the irrigation must 

be started. Regarding dosage, more researches are needed, but what has been 

generating good results are concentrations varying from 1 to 4 % of the 

commercial product (Dormex®: 49% of hydrogen cyanamide). 

 

 

7. OTHER GROWING TECHNIQUES 
 

Other two important cultural treatments are irrigation and fertilization. 

However, there are no specific changes in their applications for raspberry plants 

cultivated in subtropical regions, therefore the practices employed in the 

traditional regions can be reproduced, considering only the special needs of each 

soil type. 

Regarding planting fertilization, which aims to provide nutrients for the 

vigorous growth of the plant, the desirable is to lay in the growth row 16 t ha-1 

of manure from the cattle enclosure or 4 t ha-1 of chicken manure; 45 to 90 kg 

ha-1 of P2O5; and other minerals, due to the soil requirements, three months 

before the planting. The production fertilization must be performed when the 

plants enter in production. Its goal is to favor the development of the shoots and 

growing of fruits, besides returning the nutrients taken from the soil in the 

previous harvest. It is necessary to use, in the planting groove, 50 to 100 kg ha-

1 of N; 30 to 90 kg ha-1 of P2O5; 75 to 125 kg ha-1 of K2O; and 50 to 100 kg 

ha-1 of Mg. The fertilization must be subdivided into 3 applications, which must 

occur between the end of the dormancy period and the flowering, in other words, 

in September, October and November in the South hemisphere (Raseira et al. 
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2004). From time to time, it is convenient to verify if the soil pH remains in the 

above mentioned intervals. 

Irrigation is a cultural practice highly recommended for this fruit tree, which 

does not stand drought in summer, spring and autumn. Usually, the raspberry 

plants need 16 mm of water per week (depending on the soil type), with an 

increase of this amount in the summer (Fernandez et al. 2014). The system of 

drip irrigation is the most indicated because it adds water directly into the root 

system and does not wet the fruits. Furthermore, this system is of easy 

installation, low cost and with a great water economy due to evaporation. 

 

 

FINAL REMARKS 
 

As mentioned, the interest for raspberry cultivation has been growing in the 

non-traditional regions, including the subtropical ones, where the accumulation 

of chilling hours is by far inferior to those regions with temperate climate. The 

choice for cultivars that are less demanding for hibernal cold, the adoption of 

the special techniques for these regions (as those presented in this chapter), 

besides the proper handling regarding insect control, diseases and weeds, are 

factors that enable the success of the culture. Another favorable point to 

raspberry planting in the subtropical regions is related to the possibility of 

performing the pruning and the forced induction of budding still in the winter, 

which results in the early harvest of the fruits, not competing with the traditional 

regions. 

Given raspberry’s high added value in the subtropical regions and the 

possibility of commercialization out of the typical period in the traditional 

regions of consumption, the growth of raspberry is highly indicated for small, 

medium and big fruiters also in the subtropical regions. 
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ABSTRACT 
 

Raspberries (Rubus idaeus L.) are considered highly perishable fruits 

and require postharvest cares to maintain their visual and nutritional 

quality. Numerous are the technologies that can be employed in order to 

increase their shelf life, spanning from primordial technologies to the 

emerging ones. Due to their elevated nutritional quality, raspberries are 

widely studied, highlighting the most important compounds for the health 

of those who consume them. In this chapter, we present the main  

and current information on raspberries postharvest technology and the 

main nutritional characteristics, composition in terms of macro and 

micronutrients, as well as the most abundant bioactive compounds in this 

fruit. 
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1. INTRODUCTION 
 

Raspberries (Rubus idaeus L.) are fruit typical of regions with temperate 

climate, but with the development of cultivation technologies, nowadays, they 

can be grown and consumed in diverse countries. The world production in 2012 

was approximately 528 thousand tons, from an area of 110 thousands of ha. The 

main producing countries are Russian Federation, accounting for 22% of the 

production, Poland, with 21%, The United States of America, with 17% and 

Serbia, representing 16% of the total produced (FAO, 2016).  

The postharvest quality of raspberries is related to the absence of lesion, 

rottenness and sunscald, with a uniform color and turgid appearance. Because 

of its increased metabolism and the delicacy of its morphologic structure, which 

result in rapid darkening, loss of firmness and high rottenness incidence, this 

fruit has a shelf life restricted to a few days after the harvest, even when 

maintained under refrigeration (Haffner et al., 2002; Perkins-Veazie, 2004). 

Thus, the use of quality control procedures inside the rural properties, of 

adequate postharvest techniques, enhancement of the storage installations and 

cold chain are necessary for fruit quality maintenance and its shelf life increase.  

The nutritional aspects of raspberries are associated with their postharvest 

characteristics. Fresh fruits of high quality present considerable amounts of 

ascorbic acid, provitamin A, vitamins B, minerals, fibers, besides different 

flavonoid classes and high antioxidant capacity (Liu et al., 2002; USDA, 2016). 

In the last years, there has been a growing concern regarding these nutritional 

values, internal sensory attributes and food safety (Nilsson, 2000; Shewfelt and 

Prussia, 2009; Walsh, 2009). 

It is acknowledged that approximately 55% of horticultural product losses 

are due to the initial steps of cropping, postharvest manipulation and storage 

(FAO, 2013). Thus, the adequately applied of postharvest technologies to this 

fruit is essential for the maintenance of the quality until consumption and for the 

reduction losses. Furthermore, their use also targets the maintenance of sensory 

aspects, like appearance, flavor and texture, the nutritious value and guarantees 

food safety (Chitarra and Chitarra, 2005). 

It is generally accepted that the evaluation of a horticultural product’s 

quality can be made by physicochemical, biochemical, nutritional and sensory 

analyses. Among these aspects, vitamins, phenolic compounds, pigments and 
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the antioxidant activity that these compounds may exert on the products, have 

been widely studied and show their importance for the consumer health. 

Raspberries have been a target for studies due to their attractive appearance, 

pleasant flavor and aroma and the wide variety of nutritional aspects, including 

antioxidant, anti-inflammatory, anticancer and cardioprotective activities 

(Bomser et al., 1996; Heinonen et al., 1998). 

This chapter aims at gathering the main and current information regarding 

raspberries postharvest and presenting the main nutritional characteristics, the 

composition in terms of macro and micronutrients and the most abundant 

bioactive compounds of the fresh fruit.  

 

 

2. STORAGE TEMPERATURE 
 

Among the postharvest technologies, storage temperature is determinant for 

the quality of raspberries, with refrigeration being the most important resource 

for the extension of their shelf life. The use of the low temperature implies  

in minimizing the respiratory activity, ethylene production, the action of 

degradative and oxidative enzymes and, consequently, retard its senescence 

(Chitarra and Chitarra, 2005; Nilsson, 2000).  

Among the aforementioned metabolic processes, respiratory activity is the 

main form of energy release. In plant respiration, the polysaccharides, mainly 

starch and the soluble sugars, are used as substrates for energy generation and 

the formation of other carbon skeletons necessary for the fruit’s maintenance 

reactions after the harvest (Kays, 1991). However, in raspberries the substrates 

most used in respiration are the compounds of low molecular weight, such as 

the organic acids. This berry is known to present an elevated acidity percentage 

(1.7 to 2.3% of citric acid) and, because of respiration, this quality attribute is 

reduced throughout ripening (De Ancos et al., 1999).  

Several studies demonstrated that raspberries have a respiratory activity 

between 74 and 200 mg CO2 kg-1 h-1 when kept at 20 ± 1°C, with the possibility 

of being reduced in 50% at each 5°C in storage temperature reduction. In 

average, raspberries subjected to 15°C present respiratory activity of 135 mg of 

CO2 kg-1 h-1; at 10°C these values decreased to 92; at 5°C to 55; and at 0°C to 

24 mg of CO2 kg-1 h-1 (Perkins-Veazie, 1992; 2004; Pritts, 2016). It is also 

important to keep in mind that, in such temperatures, it is mandatory that relative 

humidity be higher than 90%, otherwise the fruit will suffer a major humidity 

loss by transpiration. 
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There are recommendations for raspberries storage to be performed until -

1°C, considering that the amount of organic and inorganic substances present in 

the fruit hamper their freezing (Perkins-Veazie, 2004). Although raspberries are 

not sensitive to chilling injury, and may be stored in temperatures slightly 

inferior to zero; very low temperatures may lead to a reduction in flavor, aroma, 

texture, color and other quality attributes (Chitarra and Chitarra, 2005; Morales 

et al., 2014).  

On the other hand, some authors demonstrated interesting alterations in the 

antioxidant capacity of cold stored fruit (Kevers et al., 2007). The complex of 

postharvest reactions seems to facilitate the formation of antioxidant 

compounds under low temperatures or at least to maintain the concentrations of 

these substances. Raspberries stored at 4°C present a higher antioxidant activity 

than when stored at 25°C (Piljac-Zegarac and Samec, 2011). 

Another postharvest technique involving the low temperature, which brings 

good results for raspberry storage, is precooling. Immediately after harvest, 

raspberries must be placed in forced-air chambers at 1°C for 12 hours and 

subsequently cold stored (Robbins and Moore, 1992). Most of the authors 

concluded that the ideal temperature for raspberry storage is 0.5°C, since at this 

temperature there is the conservation of most of the qualitative attributes, a 

significant control of rottenness incidence and a considerable increase in shelf 

life (Haffner et al., 2002; Wang, 2003; Krüger et al., 2011).  

Some works indicate that using only refrigeration, in the above mentioned 

conditions, there is an extension in raspberry’s shelf life, at least, in five days 

(Piljac-Zegarac and Samec, 2011; Sjulin and Robbins, 1987). This way, there 

are no doubts regarding the need and benefits brought by refrigeration for 

raspberry postharvest.  

 

 

3. MODIFIED AND CONTROLLED ATMOSPHERE 
 

The modification or control of the atmosphere is any atmosphere with gas 

concentration different from the air atmosphere (20.95% O2; 0.035% CO2 and 

78.08% N2). Irrespective of how this modification will be reached, the goal is 

to reduce oxygen concentration and increase that of carbon dioxide. For the 

fruits, the benefits of the modified or controlled atmosphere are in maintaining 

the qualitative attributes, delaying ripening and senescence and controlling 

some biologic processes, such as microbial development and tissue rottenness. 

This technology can be used for numerous kinds of food and has been widely 
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studied for the increase of shelf life in berries, among which the raspberry 

(Chitarra and Chitarra, 2005; Floros and Matsos, 2005; Yahia, 2009).  

The ideal gas concentration depends on the cultivar, development stage, 

among others. In average, 10 KPa of O2 and 1 to 2 KPa of CO2 retard ripening 

and senescence of the fruits and inhibit the growth of many microorganisms 

(Brandenburg and Zagory, 2009; Fonseca et al., 2002; Lencki, 2005). 

Specifically for raspberries, concentrations between 15 and 20% of CO2 and 

between 5 and 10% of O2 retard respiration, ethylene production, softening, 

changes in color and rots (Joles et al., 1994; Kader, 2001).  

The maintenance of high relative humidity around the plant is another 

desirable characteristic of the use of plastic packages, once in this situation the 

vapor pressure deficit is lower, which reduces transpiration and, consequently, 

water loss (Geeson, 1989; Gorris and Peppelenbos, 1992). On the other hand, 

the exceeding relative humidity might generate conditions for the proliferation 

of storage fungi.  

Among the possible ways of reaching an atmosphere alteration is the use of 

a chamber with controlled atmospheres, atmosphere modification by the use of 

plastic bags and films, the application of edible coatings and of waxes on the 

surface of the fruits (Chitarra and Chitarra, 2005; Floros and Matsos, 2005).  

 

 

3.1. Packaging 
 

The modified atmosphere can be reached with the use of plastic packages. 

This technique consists in developing a modified atmosphere around the fruit 

by the use of polymeric films, either permeable or not. The interior gas 

concentration will depend on the characteristics of the package’s material 

(permeability, permeation area, etc.), on the physiology of the packaged 

vegetable and on storage temperature (Han and Scanlon, 2005; Yahia, 2009). 

Therefore, one of the most important steps in this technology’s suitability is the 

correct choice of the material, in order to maintain the desirable O2 and CO2 

concentration and, thus, reduce the fruits’ metabolism and increase its shelf life.  

For raspberries, the most common way to obtain gas alteration inside the 

package is by passive modification, that is, passive modified atmosphere 

(PMA). In this kind of postharvest technology, there is a reduction in O2 and 

increase in CO2 through the plant’s respiration and the material’s permeability 

to the gases. In this method, the change in gas concentration, until the 

equilibrium is reached, may take some days.  
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Regarding PMA, the ideal package is the one which provides an O2 

concentration low enough to retard respiration, but higher than the critic 

concentration that starts anaerobic respiration. Aldehyde and alcohol aromas are 

common in raspberries exposed to the low O2 concentration for a long period. 

Concerning CO2, a good package must allow its accumulation, however until 

levels which will not result in physiological disorders and biochemical 

deteriorations of the raspberry. A high CO2 concentration also alters the 

respiratory process, since it inhibits enzymes that act in Krebs cycle, such as 

succinate dehydrogenase, besides other enzymes involved, as pyruvate 

dehydrogenase and phosphofructokinase. Raspberries exposed to high CO2 

concentrations for a long period develop unpleasant smell and darken (Gorris 

and Peppelenbos, 1992; Pritts, 2016; Wiley, 1994). 

The plastic package of generalized usage in the postharvest of berries is 

polyethylene terephthalate (PET) and the plastic films are polyvinyl chloride 

(PVC), low-density polyethylene (LDPE), high-density polyethylene (HDPE) 

and polypropylene (PP). Each of them present different degrees of permeability 

to water vapor, O2, CO2 and ethylene, with PVC presenting high permeability, 

LDPE with intermediate permeability and both PP and HDPE with a lower 

permeability.  

According to Adobati et al., (2015), raspberries stored in PET involved in 

25 µm-LDPE bags (O2 Transmission Rate, O2 TR= 4000 ccm-2 day-1) had their 

shelf life prolonged in six days, presenting a better maintenance of color and 

firmness, absence of juice leakage and rottenness incidence was acceptable. The 

biopolymer made from polylactic acid (O2 TR= 400 cm-³ m-² day-1) is another 

film indicated for storage and commercialization of fresh raspberries 

(Giovanelli et al., 2014). This film also retained ripening and perishability of the 

fruit, thus increasing its shelf life to seven days, without altering the nutritional 

properties and increasing the antioxidant capacity. Nevertheless, there was a 

change in the aroma.  

The use of the controlled atmosphere (CA) has also been studied in 

raspberries. This technology consists in modifying the gas composition inside 

the packages due to the combined effect of the film with systems for the 

emission or sequestering of gases, accelerating the changes until the desired 

concentration for raspberries. In this technology, the same films as in PMA  

are usually employed, with the addition of CO2 emitters or O2 and ethylene 

absorbers.  

Adobati et al. (2015) showed that raspberries stored in PET and involved in 

25 µm-LDPE bags (O2 TR= 4000 ccm-2 day-1) with the addition of a CO2 emitter 

(BioFresh®, nominal capacity 500 cc, Multisorb Technologies Inc., Buffalo, 
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NY, USA) had an eight-day extension in their shelf life, presenting CO2 

concentrations above 12% and O2 concentrations below 10% in the second day 

of cold storage. These conditions were reported as optimal to reduce raspberries’ 

respiration without producing fermentation (Joles et al., 1994). The same 

qualitative attributes mentioned in PMA have been maintained with the use of 

CA (Agar et al., 1995; Agar et al., 1996; Agar et al., 1997). 

 

 

3.2. Edible Coatings 
 

Edible coatings are thin layers of materials directly applied to the surface of 

a food item, adhering to it, and are considered part of the final product. Besides 

being edible, they are also biodegradable, and these additional characteristics 

the conventional packages do not offer. The use of such coatings enhances food 

quality, protecting them from physical and chemical damages and from 

biological deterioration, improves the physical strength, reduces the clustering 

of particles and enhances the visual and tactile features of the product’s surface. 

The edible coatings can also protect from humidity loss or gain, microbial 

growth, alterations induced by luminosity and oxidation of nutrients. Still, they 

may carry antioxidant, antimicrobial, coloring and flavoring substances (Han 

and Gennadios, 2005; Lacroix and Le Tien, 2005; Pavlath and Orts, 2009). 

The choice of coating material must be based on the specific applications 

of the food item and on the main quality deterioration mechanisms; thus, the use 

of coating might substitute partially or completely the conventional packages 

(Han and Gennadios, 2005; Pavlath and Orts, 2009). The coatings may be made 

of several types of materials, namely proteins, polysaccharides (amylaceous and 

non-amylaceous), lipids or biopolymers (Han and Gennadios, 2005; Pavlath and 

Orts, 2009). 

For raspberries, the major highlight are non-amylaceous polysaccharide 

pellicles, produced by the alkaline deacetylation of chitin from crustaceans and 

insects exoskeleton, chitosan. For having a moderate permeability to O2, 

chitosan is used to modify the inner atmosphere of fruits. This way, it reduces 

the post-harvest losses by the reduction of transpiration, retards ripening  

and senescence, besides preventing enzymatic darkening and possessing 

antimicrobial properties (Lacroix and Le Tien, 2005; Nieto, 2009). Studies 

indicate that chitosan application both in pre- and post-harvest of raspberries 

expands their shelf life to 12 and 15 days, respectively, preserving the acidity 

and reducing respiration, ethylene production, mass loss and rottenness 

incidence (Han et al., 2004; Tezotto-Uliana et al., 2014; Zhang and Quantick, 
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1998). The pre-harvest application must be made weekly, during the last three 

weeks before harvest, by sprinkling the solution at 2%. The post-harvest 

application must be performed by immersion of the fruits in a 1% chitosan 

solution, immediately after the harvest (Tezotto-Uliana et al., 2014). The 

solution can also be associated with a plasticizer, to improve its mechanical 

properties.  

Other coatings already tested in raspberries are corn starch, beeswax, 

alginate, pectins and combinations of them with other materials, such as 

essential oils. Among these, the ones which have been generating positive 

results in post-harvest conservation are 2% alginate with the addition of 0.15% 

citric oil; 2% alginate with 0.10% eugenol oil (extracted from carnation 

flowers); and 1% pectin with 0.10% eugenol oil. These treatments reduced 

microbial contamination, did not alter the fruits’ color and flavor, and prolonged 

the shelf life (Guerreiro et al., 2015). Another treatment tested in raspberries 

was the combination of beeswax with natural corn starch or acetylated corn 

starch, both at 0.2:3.2 (w/w). These coatings diminished the respiration and 

ethylene production and maintained the color and anthocyanin content; 

however, they increased mass loss and generated softening, being thus 

necessary more studies for their use (Perez-Gallardo et al., 2012). 

 

 

4. EMERGENT TECHNOLOGIES 
 

In addition to the most common post-harvest technologies, there  

are emergent technologies that have been presenting good results for 

raspberries, among which can be mentioned the use of irradiation, especially 

gamma radiation, and the use of the plant regulator methyl jasmonate  

(MJ). Other post-harvest technologies still little studied in raspberry, but  

which have been showing interesting results with other berries is the use  

of 1-methylcyclopropene (1-MCP), of essential oils and of ozone. All these 

technologies aim at prolonging the fruits’ shelf life by the reduction of 

microbiological contamination and also by the alteration of the fruit’s 

metabolism, retarding physiological and biochemical processes. Nonetheless, 

most of these technologies still need further studies for a better understanding 

of their action upon the raspberry and also for the improvement of their 

commercial use. Below some relevant points regarding some of these new 

technologies are presented.  
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4.1. Gamma Radiation 
 

Food irradiation is one of the most studied and evaluated treatments around 

the world. The term radiation defines the physical phenomenon by which the 

radiant energy moves throughout space or matter in the form of electromagnetic 

waves, for instance, microwaves, infra-red, ultraviolet, X-rays and gamma-rays. 

In foods, the most used irradiation technique is based on the use of a specific 

zone of the electromagnetic energy known as ionizing radiation with gamma-

rays (Fellows, 2002; Tezotto-Uliana et al., 2015; Who, 1988). 

When applied to fruits, this technique targets the extension of their shelf 

life, retarding physiological and biochemical processes, especially those related 

to maturation; the control and inactivation of pathogens that cause post-harvest 

rots, in order to maintain the biological safety and the quality, besides being also 

used as a technique for quarantine treatments, with the intent of exporting these 

products. These goals can be achieved with low dosages, from 0.5 to 2.0 kGy, 

altering some physiological processes of the fruits (Who, 1988). 

The gamma radiation associated with other postharvest procedures like 

refrigeration, have been very efficient in quality maintenance and in shelf life 

increase for some fruits. In raspberries, the doses 1.0 and 2.0 kGy, used 

immediately after harvest and associated with cold storage, increased the fruits’ 

shelf life in 8 days, without altering the respiratory activity, ethylene production, 

firmness, color and anthocyanin content. On the other hand, the dose 1.0 kGy  

is more adequate, since it reduces rottenness incidence, maintains mass loss  

and results in a smaller loss of ascorbic acid (Tezotto-Uliana et al., 2013). 

Furthermore, this dose does not reduce the nutritional quality of raspberries, 

maintaining the concentrations of the bioactive and antioxidant compounds 

(Cabo Verde et al., 2013; Golding et al., 2014).  

 

 

4.2. Methyl Jasmonate 
 

MJ is a bioactive compound endogenously produced by the higher plants, 

in large amounts. Its elicitor effect regulates a wide class of physiological 

processes and when used exogenously, both in pre- and post-harvest, has been 

modifying food composition. It is currently known that the use of MJ is related 

to an increase in the production of vitamin C, total flavonoids, anthocyanins, 

antioxidant compounds and aromatic compounds in several foods, among which 

the berries (Blanch et al., 2011; De La Pena Moreno et al., 2010; Wang et al., 

2008; Wolucka et al., 2005). Even though the study of MJ in plants of agronomic 
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interest has begun a long time ago, these discoveries in relation to the increase 

in the qualitative and nutritional aspects are relatively recent and the researches 

and application with these intents tend to receive an increasing highlight.  

There are some works elucidating the mode of action of this regulator in the 

increase of fruit quality. It is assumed that MJ raises in large proportions the 

content of secondary metabolites, such as gallic acid, which forms ellagic acid 

from oxidation and dimerization (Maas et al., 1991; Kim et al., 2006; Wang et 

al., 2009). In the berries, besides ellagic acid, there is a large amount of other 

metabolites, quercetin and myricetin, which are flavonoids synthesized in the 

metabolic pathway of the phenylpropanoids. This pathway starts with the 

formation of cinnamic acid from the action of phenylalanine ammonia-lyase 

(PAL); it is transformed into naringenin by the action of flavanone 3-

hydroxylase (FHT), which in turn is transformed into flavonol (quercetin and 

myricetin) by the action of flavonol synthase (FLS) (Halbwirth et al., 2006; 

Flores and Del Castillo, 2014).  

In raspberries, the pre-harvest use of MJ at the dosage 0.1 mM increased 

from two to three times the amount of ellagic acid, quercetin and myricetin, 

while post-harvest application, in dosages varying from 60 to 100 µg g-1, did not 

increase these compounds’ concentrations, but avoided senescence’s natural 

decay, maintaining all flavonols constant. In both cases, this was possible 

because MJ increased PAL activity and did not reduce the activity of FHT and 

FLS, which occurred in the non-treated fruits (Flores and Del Castillo, 2014). 

Another benefit of the MJ application in raspberries is the promotion of 

limonene and enantiomer of α-ionone biosynthesis, which are volatile 

compounds important for this fruit’s flavor (Flores et al., 2013). 

 

 

4.3. 1-Methylcyclopropene 
 

1-MCP is a cyclopropene, nontoxic, capable of blocking ethylene ligation 

to its receptor and, therefore, of inhibiting the triggering of the reactions 

associated with its action. The binding of 1-MCP to the ethylene receptor has a 

diffusion half-life between 7 and 12 days, whereas that of the hormone is from 

2 to 10 minutes, suggesting that 1-MCP binding to the receptor is virtually 

irreversible (Pereira et al., 2002). Besides, this product’s affinity to the receptor 

is approximately 10 times higher than that of ethylene, which makes its activity 

possible in low concentrations (Senhor et al., 2009).  

1-MCP can be applied immediately after harvest, during storage and 

transportation or in the distribution centers. However, to obtain the highest 
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efficiency, the treatment must be adopted as soon as possible after the harvest 

and, preferably, at room temperature. In such conditions, the product’s 

penetration in the fruit tissues is relatively fast, varying from 4 to 12 hours 

(Pereira et al., 2002). 

The beneficial effects of 1-MCP in fruits include the reduction of 

respiratory activity and ethylene production, maintenance of the firmness and 

peel color and increase of shelf life (Blankenship and Dole, 2003). Even in non-

climacteric fruits, as raspberry, studies have demonstrated the efficiency in 

postharvest conservation when this plant regulator is used. Blueberries (a non-

climacteric fruit) treated with 300 and 600 nL L-1 of 1-MCP revealed a reduction 

in weight loss and soluble solid content during storage (Chiabrando and 

Giacalone, 2011). The authors also observed that the antioxidant capacity and 

the anthocyanin content were not affected by the 1-MCP. In strawberry, the use 

of 1-MCP extended the period of shelf life, maintaining the firmness and color, 

reducing the loss of phenolic compounds, ethylene production and rottenness 

incidence (Jiang et al., 2001; Ku et al., 1999; Tian et al., 2000). 

 

 

5. NUTRITIONAL ASPECTS 
 

5.1. Centesimal Composition 
 

The centesimal composition of raspberries is established by USDA (2016), 

as 85.75 g of humidity, 52 Kcal, 1.2 g of proteins, 0.65 g of lipids, 11.94 g of 

carbohydrates and 0.46g of ashes. Among the lipids, the majority of the fatty 

acids present is polyunsaturated (0.375 g), followed by the monounsaturated 

fatty acids (0.064 g) and saturated fatty acids (0.019 g). Of the carbohydrates, 

6.5 g are dietary fibers and 4.42 g are sugars, with 53.3%, 42.2% and 4.5% of 

the sugars detected corresponding to fructose, glucose and sucrose, respectively. 

Regarding the minerals present, the most expressive are potassium (151 mg), 

phosphorous (29 mg), calcium (25 mg) and magnesium (22 mg). For the 

vitamins, the one with the most significant value is vitamin C, containing 26.2 

mg 100 g-1 of raspberry, representing 58% of the recommended daily intake 

(WHO/FAO, 2004). 

However, the composition may vary according to the genotype, 

characteristics of the environment, soil and place of production, as well as the 

period and handling used in the culture. Marjanovic-Balaban et al., (2012) found 

significant differences in the contents of humidity, ashes, lipids, proteins, 

calcium and ascorbic acid in raspberries harvested in subsequent years. Red 
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raspberries produced in Brazil presented higher humidity and lower contents of 

proteins, lipids, carbohydrates, ashes and minerals K, P, Ca and Mg, when 

compared to the data established by USDA (De Souza et al., 2014). Variations 

of 12.77 mg 100 g-1 (Ochoa et al., 1999), 15.2 mg 100 g-1 (Milivojevi et al., 

2013) and 29.5 mg 100 g-1 of ascorbic acid (Mazur, Nes, et al., 2014) have been 

found among raspberry cultivars. Of the acids present, the citric acid represents 

from 68 to 80% of the total of acids detected in nine red raspberry genotypes 

(Forney et al., 2015). 

Envirnomental factors interfere in the chemical composition of raspberries, 

espacially in the final maturation stages (Mazur, Sonsteby, Nes, et al., 2014). 

Changes in the environmental temperatures after flowering also influence in the 

content of humidity, ascorbic acid and in the weight of raspberries, in the sense 

that the higher the temperature, the lower is the content of humidity, ascorbic 

acid and weight of the fruits (Remberg et al., 2010). The photoperiod is also 

important in raspberry composition: long days during growth and maturation 

significantly reduce the total sugar content and increases the ascorbic acid 

content (Mazur, Sonsteby, Wold, et al., 2014). 

 

 

5.2. Phenolic Compounds, Flavonoids and Antioxidant Activities 
 

Phenolic compounds are secondary metabolites of the plants, used by them 

as defense mechanisms against metabolic, environmental and biological 

adversities. Flavonoids, which are substances of a great variety of colors, are 

classified in this group. In raspberries, the main compounds detected are 

anthocyanins and flavonols. In the last years, they have been greatly studied, not 

only due to their plant x environment relation, but also for the numerous benefits 

of these compounds for human health. Many components are associated to the 

reduction of chronic degenerative diseases, mainly cancer, and also to well-

being. This is because such compounds have a high antioxidant activity, fighting 

the free radicals released by the cellular metabolism and by breathing, which 

has increased each year the interest on these compounds.  

Raspberries are considered fruits with a high content of phenolic 

compounds. Studies have demonstrated that some raspberry genotypes have 

between 118 and 214.6 mg gallic acid equivalent (GAE) 100 g-1 fw (Khanizadeh 

et al., 2009; Mazur, Nes, et al., 2014), whereas commercial cultivars have 192 

to 619 mg GAE 100 g-1 fw (Anttonen and Karjalainen, 2005; Chen et al., 2013; 

De Souza et al., 2014). Such contents are superior to other berries, which are 
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also considered sources of these compounds, as cherries and blueberry (De 

Souza et al., 2014). 

The red, purple or black colors of the raspberries are due to the high 

presence of anthocyanins, of which Cyanidin-3-O-sophoroside, Pelargonidin 3-

(glucosyl) rutinoside, Cyanidin-3-O-rutinoside and Cyanidin-3-glucoside were 

identified in the larger amounts in this fruit (Stavang et al., 2015). Anthocyanin 

content in red raspberries is 14.69 to 113.4 mg 100 g-1 fw (De Souza et al., 2014; 

Mazur, Nes, et al., 2014).  

However, the proportion of anthocyanins may change according to the 

predominant color of the raspberry (red, purple, black), as well as to the fruit’s 

stage of maturation. Red raspberries have 46.24 µg g-1 fw, while those of purple 

and black colors have 95.71 and 325.60 µg g-1 fw, respectively (Harshman et 

al., 2014). Some black varieties, such as the ‘Mac Black,’ may contain 642.97 

mg 100 g-1 fw of anthocyanins (Chen et al., 2013). Regarding maturation stage, 

raspberries with a more intense red color have around 2.5 times more 

anthocyanins than light red raspberries (Stavang et al., 2015). Another important 

variation in the anthocyanin content occurs throughout storage when there is an 

increase of these compounds, since even after harvested, raspberries present an 

increase in their color, rising the saturation of their initial color (Stavang et al., 

2015; Tezotto-Uliana et al., 2014). 

In relation to the flavonols present, studies demonstrate that this content can 

be of 9.61 mg 100 g-1 fw (De Souza et al., 2014) and of 8.6 mg 100 g-1 fw 

(Tezotto-Uliana et al., 2013). The main flavonols found are Hyperoside and 

Quercetin-3-O-glucuronide, containing around 4.0 and 1.5 ng mg−1 dw, 

respectively (Stavang et al., 2015). Other authors report that the content of these 

compounds is 35.1 and 29 ng mg−1 dw for Hyperoside and Quercetin-3-O-

glucuronide, respectively (Mazur, Sonsteby, Nes, et al., 2014). Likewise 

anthocyanins, flavonol content may also vary according to the raspberry color 

(Chen et al., 2013). 

The antioxidant capacity of fruits and vegetables is correlated to the  

content of vitamins, phenolic compounds and carotenoids, classified into 

hydrophilic (ascorbic acid and phenolic compounds) and lipophilic (vitamin E 

and carotenoids) antioxidants (Halliwell, 1996). Due to this categorization,  

the determination of the antioxidant activity of a certain food item is performed 

by different methodologies, based on the type of antioxidants of interest  

for evaluation. The most used analyses have been 2.2-azinobis (3-ethyl-

benzothiazoline-6-sulfonic acid) (ABTS), 2.2-diphenyl-1-picrylhydrazyl 

(DPPH), ferric reducing antioxidant power (FRAP) and oxygen radical 

absorption capacity (ORAC). In raspberries, the antioxidant capacity is strictly 
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related to the content of total polyphenols, flavonoids and anthocyanins (Chen 

et al., 2013; Mazur, Sonsteby, Nes, et al., 2014; Mazur, Sonsteby, Wold, et al., 

2014).  

Studies that evaluated the antioxidant capacity using the FRAP method 

showed that raspberries have 2.4 mmol Trolox equivalent (TE) 100 g-1 fw 

(Giovanelli et al., 2014). Analyzing by ORAC, raspberries of different colors 

present antioxidant capacity varying from 1.0 to 1.39 mmol TE g-1 fw for 

lipophilic extracts and 26.03 to 35.5 mmol TE g-1 fw for hydrophilic extracts, 

evidencing that the highest antioxidant capacity comes from the hydrophilic 

compounds, which are present in higher amounts (Harshman et al., 2014). 

Evaluating by DPPH, raspberries present antioxidant capacity between 95 and 

154 of mg TE 100 g-1 fw (Moor et al., 2014). Using the methods of ABTS and 

β-carotene, Souza et al., (2014) observed values of 6.27 µmol of TE g-1 fw and 

75.19 % of inhibition, respectively.  

It is worth highlighting that some factors might directly influence the 

content of phenolic compounds and, consequently, of anthocyanins and 

flavonols, as well as the antioxidant capacity in raspberries. Such factors are 

related to the genotype (Anttonen and Karjalainen, 2005; De Ancos et al., 1999; 

Harshman et al., 2014), year of production (Mazur, Nes, et al., 2014), 

photoperiod (Mazur, Sonsteby, Nes, et al., 2014), harvest season in the crop 

(Freeman et al., 2011) and applied pre- and postharvest technologies (Flores and 

Del Castillo, 2014; Giovanelli et al., 2014; Moor et al., 2014; Tezotto-Uliana et 

al., 2013; Tezotto-Uliana et al., 2014).  

 

 

FINAL REMARKS 
 

In the last years, studies have been conducted with several postharvest 

technologies that can be applied at the grower level, and even being of distinct 

applicability all of them aim at the quality maintenance of raspberries and the 

extension of the shelf life of this highly perishable and delicate fruit. Although 

many technologies were discussed in this chapter, there are still some gaps that 

can be explored, especially the use of emerging technologies.  

The nutritional aspects of raspberries have also been elucidated, proving the 

great nutritional richness they offer for human health, such as high amounts of 

phenolic compounds, like anthocyanins and flavonols, which present a high 

antioxidant activity. It must be highlighted that the postharvest technologies are 

extremely important for the conservation and even the increase of the nutritional 

compounds in raspberries, thus contributing to the dissemination of fruit with 
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not only visually attractive aspects, but also with a high nutritional and 

functional quality.  
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ABSTRACT 
 

Greenhouse gas (GHG) emissions have to be reduced to avoid 

unwanted effects on the world’s climate. In northern European agriculture, 

animal husbandry is a significant source, with methane (CH4) emissions 

from dairy cattle herds contributing about 50% of total GHG emissions 
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from livestock production. Pathways to emission reduction that do least 

harm to agriculture and society are evaluated in this study which combines 

the authors’ findings with results obtained elsewhere. It also indicates the 

side effects that may arise from implementing measures focussed on 

reducing CH4 emissions. The common denominator for the main products 

of a dairy herd, milk and meat, is edible protein, to which emissions are 

related in this paper. 

Increasing milk yields are positively correlated with all CH4 and other 

GHG and air pollutant emissions, but negatively with the emissions per 

mass unit of product. Increasing slaughter weights of beef cattle result in 

increased absolute and protein-related emissions. Increased rates of weight 

gains have the opposite effect. 

Milk production in the northern German regions with high-yielding 

dairy cows (pure-bred Holstein) leads to short productive lifespans, high 

animal loss rates and disease incidences which affect the structure of the 

entire herd by increasing the proportion of non-lactating replacement 

animals. Also, the amounts of marketable milk are reduced as some milk 

has to be discharged to slurry (where it creates minor emissions) as a result 

of increased rates of dairy cow sickness. 

For various reasons (relatively constant production and environmental 

conditions, better control of feed intake, reduced labour, etc.), dairy cattle 

are kept in buildings rather than being allowed to graze. Beef cattle are 

almost completely fattened within buildings. Only dairy heifers graze 

regularly. However, grazing reduces emissions, as long as the pasture 

quality is good enough. 

In dairy herds beef production is a by-product of milk production. 

Here, weight gains and protein content of the carcasses of fattening 

bulls/heifers or older cows vary between breeds. Sexed semen can be used 

to produce more efficient male crossbreds and at the same time reduce 

emissions. It could be shown that the present state of the art may not justify 

the effort. 

The synthesis of milk fat in the udder is an energy consuming process. 

Long-term changes in consumer preferences have increased cheese 

production at the expense of butter. Hence, milk production with less fat 

and more protein contents might be an option. However, the consequent 

reduction in emissions is very small. 

Changes in the rumen biome resulting in reduced CH4 emissions are 

not dealt with in this paper. However, an overview on the complex subject 

is given that explains the authors’ circumspection. 

In Germany, slurry digestion is sponsored as a means of producing 

renewable energy. It also helps to reduce CH4 emissions from manure 

management, but causes additional problems with ammonia (NH3) 

emissions, following subsequent spreading of the digestate. 

The German fertilizer enactment allows for considerable surplus N 

inputs ofmineral fertilizers. As CH4 is a major energy source and reactant 
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in NH3 synthesis, any reduction of fertilizer production will also lead to 

reduced CH4 emissions as a side effect. 

A set of scenarios illustrates to what extent the combination of 

methods can result in considerable reductions of CH4 and other air 

pollutants and reduce the extreme N inefficiency in German livestock 

production. Finally, the feasibility of all measures described is discussed. 

 

 

1. INTRODUCTION 
 

In industrialized Germany, agricultural emissions are a smaller proportion 

of the total than on the global scale. Direct agricultural emissions (that excludes 

fertilizer production and agricultural machinery) contributed about 7.3% to 

national greenhouse gas (GHG) emissions in 2014 (UBA, 2016), the majority 

of which was released as CH4: more than 58% of national CH4 emissions are 

produced by livestock production. Other CH4 sources are solid waste disposal 

and fugitive emissions from fuel production. In contrast to almost all other 

source categories where considerable emission reductions have been achieved 

over the past two decades, agricultural emissions have remained almost 

unchanged. However, in future the agriculture sector will need to contribute to 

the overall emission reduction. Although this paper focuses on CH4 emissions 

from cattle husbandry, it is obvious that a comprehensive approach is needed to 

deal with agricultural emissions as a whole, including feed production, fertilizer 

production, provision of energy and land use intensity. 

Cattle herds contribute milk and meat protein to human diets. Unlike pigs 

and poultry, cattle have traditionally been fed mainly on grass, a food that cannot 

be used directly in human nutrition. However, cattle production contributes the 

largest amounts of GHGs, in particular of methane (CH4), as well as other air 

pollutants, in particular ammonia (NH3). Any reduction of GHGs and NH3 from 

agriculture has to consider emissions from cattle husbandry as the priority and 

reflect that a multi-source multi-pollutant system has to be dealt with, where all 

reduction initiatives have their side effects. 

Holstein cattle are the dominant breed in Germany and account for more 

than 90% of the total dairy herd in northern Germany. In southern Germany, the 

German Fleckvieh breed is kept as a dual-purpose animal (milk and meat). Their 

milk production is less than that of pure bred Holsteins. However, the fattening 

capacity (i.e., capacity for meat production) is significantly larger. 
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1.1. Share of Methane in Emissions Released from Dairy  

Cattle Herds 
 

The predominant CH4 source in dairy cattle herds is enteric fermentation 

which, under conditions in Northern Germany, contributes about 60% of all 

GHG emissions from the entire production chain. About 10% of all GHG 

emissions are due to CH4 formation in manure management (slurry tanks), 

almost negligible is the share of natural gas (CH4) production and transport. The 

rest, i.e., about 30% of GHGs, is emitted as nitrous oxide (N2O) following N 

fertilizer, manure and excreta applied to soils and carbon dioxide (CO2) from 

fuel use (Table 1). The emissions listed there are for a model herd comprising 

100 dairy cows and their offspring, milk yield of 8000 kg lactation-1 a-1 and 

moderate losses of animals through sickness. 20% of slurry is digested for 

biogas. For other details see Chapter 2.2. For some processes, emissions are 

reported as GHG. Indirect N2O emissions stem from microbial conversion of 

NH3, NH4 and NOx from agricultural sources deposited from the atmosphere or 

from leaching to surface or ground waters. Emissions are reported with respect 

to their global warming potential as CO2 equivalents (CO2-eq)1. 

Within a cattle herd, 55 to 60% of the enteric CH4 originates from dairy 

cows, about 23% from dairy heifers for reproduction, 16% from beef bulls and 

2% from calves. 

 

 

1.2. Protein Related Emissions 
 

The most obvious way to reduce emissions is to reduce animal numbers. 

However, this would lead to a reduction on output, and consumer demand may 

lead to increased imports and production elsewhere under conditions that may 

increase GHG emissions. Moreover, Germany exports animals to the world 

market, and it is most likely that intensive livestock production within Germany, 

with an aim of reducing emissions per kg of product, is the only economically 

viable means of competing on the world market. 

The major interest of the farmer should be an emission reduction per unit of 

product which we chose to be the amount of edible protein produced in the herd 

per unit of time as common denominator. This reflects that the production of 

                                                           
1 Global warming potentials (GWP) which state how efficient a gas is in comparison with CO2. 

GWP depend on the time span considered. For standard calculations it is customary to use a 

time span of 100 a. IPCC (2007) propose: GWPCH4 = 25 kg kg-1, GWPN2O = 298 kg kg-1. 
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edible protein is the major aim of agricultural animal production. It presupposes 

that changes in protein contents in milk and carcasses can be depicted. Our 

model studies used the detailed methodology developed for emission 

inventories to assess changes in emissions as related to units of production. 

Wherever necessary, protein contents are input parameters. 

 

Table 1. Greenhouse gas emissions from a model dairy herd  

(for details see text) 

 

  GHG emissions 

source gas Gg herd-1 a-1 

CO2-eq 

% 

enteric fermentation CH4 0.580 61.0 

manure management CH4 0.090 9.4 

mineral fertilizer application N2O 0.058 6.1 

manure management N2O 0.046 4.8 

indirect emissions, leaching N2O 0.041 4.3 

indirect emissions, deposition N2O 0.040 4.2 

lime application CO2 0.030 3.2 

combustion of diesel and heating oil CO2 0.023 2.4 

provision of electrical energy GHG 0.017 1.8 

production of mineral fertilizer and lime GHG 0.007 0.72 

combustion of CH4 (mineral fertilizer 

production excluded) 

CO2 0.005 0.54 

application of urea CO2 0.004 0.41 

silage losses CH4 0.004 0.43 

combustion of diesel and heating oil N2O 0.003 0.28 

silage losses N2O 0.002 0.19 

lime in feed CO2 0.0014 0.15 

non-marketable milk CH4 0.0004 0.038 

combustion of CH4 (mineral fertilizer 

production excluded) 

N2O 0.0003 0.028 

grazing CH4 0.0002 0.023 

non-marketable milk N2O 0.0001 0.011 

combustion of CH4 (mineral fertilizer 

production excluded) 

CH4 0.0000 0.002 

total  0.951 100.0 
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1.3. Processes Releasing Methane 
 

The rumen is a pregastric fermentation chamber containing a very complex 

microbial ecosystem which has evolved during millions of years of co-evolution 

(Brade, 2014). 

The symbiosis between cattle (host) and its rumen’s microbiome is 

favourable for both partners, as the microorganisms take on tasks that are not 

encoded in the ruminants’ genome. This includes the degradation and 

metabolization of dietary components (e.g., cellulose) which cannot otherwise 

be digested. 

The ruminal biome consists of bacteria, archaea and eukarya (Janssen and 

Kirs, 2008; Shi et al., 2015). Molecular studies have identified a “core 

microbiome” dominated by the bacterial phyla firmicutes and bacteroidetes, 

though many other taxa have been identified (Weimer, 2015). However, only a 

fraction of all rumen microorganisms has been characterized by conventional 

methods, such as in vitro cultivation on nutrient media under aerobic conditions 

(Brade, 2014). Methanogens of the phylum Euryarchaeota (Janssen and Kirs, 

2008; Kim, 2012; Madigan et al., 2013) form about 1% to 3% of the total 

microbial population. 

Of particular interest is the archaeas’ ability to convert pyruvate formed  

in the hydrolysis of cell wall material to short chain fatty acids (acetate, 

propionate, butyrate) and the rumen gases CO2 and CH4 (and intermediate  

H2). Methanogens have a close symbiotic relationship with other rumen 

microorganisms, including protozoa, for the purpose of direct interspecies-

hydrogen-transfer (Kim, 2012; Nagaraja, 2012; Brade, 2014) (For details of 

interspecies-hydrogen-transfer see e.g., Ferry, 2010). 

With respect to food production for humans, the ruminants’ microbial 

fermentation is the most important pathway to convert indigestible cellulose to 

edible animal protein (Van Soest, 1994; Anderson and Rings, 2009). 

 

 

2. METHODS 
 

2.1. Mass Flow Concept - Basic Assumptions 
 

The calculation of emissions follows the pathways of carbon and nitrogen 

through the system (Figure 1). However, not all emissions are treated in the 

same way. This paper does not include emissions from road transport of feed 
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constituents. It does not include the fact that soils take up and oxidize CH4. The 

emission reporting guidelines assume that all CO2 fixed in photosynthesis is 

released in the digestive systems of animals, in the manure management system 

and in soils. Hence, these CO2 emissions are not included. All other CO2 

emissions are dealt with in detail in this paper. 

For the discussion of side effects of CH4 emission reduction measures, all 

affected gases have to be taken into account, in particular N2O and NH3. 

After atmospheric transmission processes (transport, chemical reactions), 

all (direct) NH3 emissions will finally be either deposited dry (as gaseous NH3), 

or after conversion to ammonium (NH4) in atmospheric chemical reactions with 

precipitation and solid particles (broken lines). They are regarded and treated as 

mineral fertilizer, and subsequent emissions of N2O are quantified as indirect 

emissions. 

 

 

Figure 1. Mass flow in an agricultural production system. For details see text. 
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2.2. Modelling Emissions 
 

For the calculation of emissions from enteric fermentation a national 

approach was used, which relates emissions to the intake of crude fibre, crude 

protein, crude fat (ether extract), crude ash and nitrogen-free extracts. Feed 

intake is deduced from the respective metabolizable energy (ME) requirements 

and the ME contents of diet constituents. For detailed descriptions of the 

methods applied see Dämmgen et al. (2009, 2012b: dairy cows), Dämmgen et 

al. (2015c: dairy heifers), Dämmgen et al. (in preparation: male and female beef 

cattle) and Dämmgen et al. (2013c: suckler cows). 

The emissions from dairy cows, heifers and bulls are obtained using the 

approach of Kirchgessner et al. (1994) which relates emission rates to diet 

constituent intake rates: 

 

1XF1XP1NFE1XFi11 CH4, eMdMcMbMaEF 
 (1) 

 

where 

 

EFCH4, 1 methane emission rate (factor) (in kg animal-1 a-1) 

a1  coefficient (a1 = 0.079 kg kg-1) 

MXFi intake rate of crude fibre (in kg animal-1 a-1) 

b1  coefficient (b1 = 0.010 kg kg-1) 

MNFE intake rate of N-free extracts (in kg animal-1 a-1) 

c1  coefficient (c1 = 0.026 kg kg-1) 

MXP  intake rate of crude protein (in kg animal-1 a-1) 

d1  coefficient (d1 = – 0.212 kg kg-1 

MXF  intake rate of ether extract (fat) (in kg animal-1 a-1) 

e1  constant (e1 = 365 ∙ 0.063 kg animal-1 a-1) 

 

Mass balance yields the amounts of volatile solids (VS) and nitrogen 

excreted (both renal and faecal). These are used to calculate emissions from the 

livestock building, during grazing, and from manure management. As a rule, 

procedures follow the respective IPCC (IPCC, 2006) and EMEP (EMEP, 2013) 

guidance documents. 

VS excretion rates are obtained from Equation (2) (Dämmgen et al., 2011) 

 

   MEfeed ash,feed 11 XXMVS   (2) 
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where 

 

VS  volatile solids excreted (in kg place-1 d-1 DM)2 

Mfeed feed intake (in kg place-1 d-1 DM) 

Xash, feed ash content of feed (in kg place-1 d-1 DM) 

XME metabolizability of energy (in MJ MJ-1), equals 

metabolizability of organic matter 

 

National data for feed constituent characteristics (digestibility, and ash 

content) are provided in Beyer et al. (2004) and DLG (1997). 

Treatment of emissions from calves takes into account that they ruminate 

after a transition time (Dämmgen et al., 2013b). 

CH4 emissions resulting from VS excretion in the livestock building and 

subsequent storage are calculated according to IPCC (2006) using national data 

sets (Dämmgen et al., 2012a). For each animal category, CH4 emission rates 

follow 

 

 

j

jjCH4oMM  CH4, MSMCFBVSEF 

 (3) 

 

where 

 

EFCH4, MM emission factor for methane from manure management (in kg 

place-1 a-1 CH4) 

VS  volatile solids excretion rate (in kg place-1 d-1) 

α  time units conversion factor (α = 365 d a-1) 

Bo  maximum methane producing capacity (in m3 kg-1 CH4) 

ρCH4 density of methane (ρCH4 = 0.67 kg m-3) 

MCFj methane conversion factor for manure management systems j 

(in kg kg-1) 

MSj fraction of an animal category whose manure is handled in a 

system j (in place place-1) 

 

In accordance with IPCC (2006), the emission factor for grazed cattle is 

0.01 kg kg-1. The respective treatment of N species is described in Dämmgen 

and Hutchings (2008). 

                                                           
2 The unit place denotes animal place. 
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Unless otherwise stated, calculations in this paper deal with animals in loose 

housing, slurry based manure management (storage in standard tanks with 

natural crust; application with trailing hoses and shoes, 50% each, and 

incorporation within 4 h on bare soils). 

In the production chain, CH4 is used to produce mineral fertilizer. Emissions 

result from leakages during transport and the manufacturing process. No CH4 

specific emission factors are available. However, GHG emissions can also be 

quantified (Brentrup and Pallière, 2008). 

 

 

2.3. The Dairy Herd 
 

2.3.1. Herd Composition and Animal Performances 

In (dual purpose) cattle herds, emissions arise mainly from the dairy cows. 

However, calves, heifers and bulls contribute to an extent that cannot be 

neglected. As a consequence, herd composition is an important factor in 

emission calculations. The productive lifetimes of the dairy cows have to be 

taken into account, also the (perinatal) animal losses. The ratio of male and 

female calves is normally 1:1. In particular for herds in which the productive 

lifespans of dairy cows is short, the use of sexed semen may have an influence 

on the overall emissions from the herd. 

Calculations make use of a model herd with 100 dairy cows and their 

offspring. The number of lactations is varied, as are losses due to illnesses. 

Details of the calculations of herd composition are described in Dämmgen et al. 

(2016a). An example composition of the dairy cow herd (for mean losses) is 

given in Table 2. A herd with less than c. 2.7 lactations per cow cannot 

reproduce itself. Hence, our model calculations consider at least 3 lactations. 

If not otherwise stated, calculations make use of standard weights and 

weight gains, as listed in Table 3. 

 

Table 2. Herd composition of herd with 100 cows for mean losses, related 

to the number of lactations (in animal lactation-1) 

 

number of 

lactations 

calves 

fed 

dairy 

heifers 

fed 

beef bulls 

slaughtered 

beef heifers 

slaughtered 

cows 

slaughtered 

3 99.20 39.33 43.15 8.85 32.63 

4 97.78 30.31 42.54 17.74 24.36 

5 97.60 24.97 42.45 23.00 19.40 
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Table 3. Standard performance data 

 

 start weight final weight weight gain 

 kg animal-1 kg animal-1 g animal-1 d-1 

primiparous dairy cows (1st lactation) 625 650  

multiparous dairy cows (≥2 lactations) 650 675  

calves 41 125  

dairy heifers 125 625  

beef heifers 125 535 1000 

beef bulls 125 675 1250 

 

2.3.2. Manure Management 

As the major interest is in CH4 emissions, the effect of manure management 

needs to deal with livestock buildings, grazing and biogas production. In order 

to keep the number of variables low, we restrict ourselves to the predominant 

housing type in northern Germany where liquid manure systems are used 

throughout with the exception of calves. Calves are kept in straw based systems. 

Animals are kept in the house (loose housing, cubicles) all the time, except dairy 

heifers which are allowed to graze in their second year of rearing. 

In order to show the reduction potential of grazing all dairy cows graze part 

time during the vegetation period. In addition, the effect of slurry digestion in 

biogas plants is illustrated. 

Manure application techniques and times before incorporation are 

important parameters for NH3 emissions. Here we assume that one half of the 

manure is applied to bare soil using trailing hoses and incorporated within 4 

hours after application, the other half is applied to grassland using trailing shoes. 

Final discussion of potential scenarios also modifies manure management 

to some extent. This leads to changes in the amounts of mineral fertilizer 

produced and hence also to (minor) changes in CH4 emissions from the 

production process. In addition, it changes the relative contribution of CH4 

emission to the total GHG footprint of protein production via milk and meat. 

 

 

2.4. Milk Yield 
 

The overall milk yield of a cow is a function of the number of lactations and 

her performance level in the different lactations. When cows get older, milk 

yields tend to increase initially. After the 5th lactation they decrease again. Our 

simplified approach takes this into account by assuming that in the 1st lactation 

Complimentary Contributor Copy



U. Dämmgen, W. Brade, U. Meyer et al. 

 

50 

cows produce 10% less than in the 3 year average (i.e., the nominal milk yield), 

and 5% more than the nominal yield in subsequent years. The resulting effective 

milk yields (without losses due to illnesses) are listed in Table 4. 

 

 

2.5. Marketable Products 
 

The common denominator for milk and meat is the marketable protein 

produced. This depends on milk yield, milk protein content, carcass weight and 

its protein content as well as on the losses resulting (milk yield depression due 

to illnesses, discharged milk resulting from contamination with pathogens and 

active substances and the metabolites. Carcasses of sick animals may have to be 

disposed of unused (knacker’s yard)). 

 

2.5.1. Edible Protein from Beef 

The amount of edible meat protein from cattle is a function of the animal 

category, the animal’s age, its final weight and its weight gain. 

 

EPCDfinB EP, XXmm   (4) 

 

where 

 

mEP, B mass of edible beef protein (in kg animal-1) 

mfin  final weight of the animal (in kg animal-1) 

XCD  carcass dressing percentage (in kg kg-1) 

XEP  share of edible protein in the carcass (in kg kg-1) 

 

Table 4. Nominal and effective milk yields related to the number  

of lactations 

 

 nominal milk yield (kg cow-1 lactation-1) 

 6000 7000 8000 9000 10000 11000 

number of lactations effective milk yield (kg cow-1 lactation-1) 

3 6000 7000 8000 9000 10000 11000 

4 6075 7088 8100 9113 10125 11138 

5 6120 7140 8160 9180 10200 11220 
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Table 5. Carcass dressing percentage, carcass and meat protein weights 

 

 final weight carcass dressing 

percentage 

carcass weights meat protein 

 kg animal-1 kg kg-1 kg animal-1 kg animal-1 

cows 

(utilized) 

725 0.474 343.7 53.7 

beef heifers 535 0.475 254.1 39.7 

beef bulls 675 0.550 371.3 58.0 

 

For most calculations in this paper, standard values are assumed for cows,’ 

beef bulls’ and beef heifers’ final weights, carcass dressing percentage3 and 

meat protein contents (Table 5). 

From data in Szücs et al. (2001) we derived Equation (4) for Simmental 

beef bulls and apply it to Holstein bulls: 

 

BB fin,BB EP,BB EP,BB EP,  baX  (5) 

 

where 

 

XEP, BB share of edible protein in beef bull carcass (in kg kg-1) 

aEP, BB constant (aEP, BB = 0.161 kg kg-1) 

bEP, BB coefficient (bEP, BB = 0.00001667 kg kg-1 d-1) 

τfin, BB age of slaughtering (in d) 

 

Dämmgen et al. (2015a) related carcass dressing percentages to final 

weights and weight gains of beef bulls: 

 

BB fin,BB EP,BB EP,BB EP,  baX  (6) 

 

where 

 

XCD, BB carcass dressing percentage for beef bulls (in kg kg-1) 

aCD, BB constant (aCD, BB = 0.57482 kg kg-1) 

bCD, BB coefficient (bCD, BB = 0.00011946 kg-1 animal) 

mfin, BB final weight of beef bulls (in kg animal-1) 

                                                           
3 Carcasses are produced according to European legislation (EEC, 1981). 
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cCD, BB coefficient (cCD, BB = –0.05396 kg-1animal d) 

ΔmBB weight gain of beef bulls (in g animal-1 d-1) 

 

2.5.2. Edible Protein from Milk (Healthy Cows) 

Milk yield and milk protein content determine the amount of protein: 

 

ss Pm,ss m,ss1 Pm,1 m,1m EP, XYnXYnm   (7) 

 

where 

 

mEP, m amount of milk protein produced in the herd (in kg herd-1 

lactation-1) 

n1  number of cows in 1st lactation (in animal herd-1) 

Ym, 1 milk yield of cows in 1st lactation (in kg animal-1 lactation-1) 

XPm 1 milk protein content in 1st lactation (in kg kg-1) 

nss  number of cows in subsequent lactations (in animal herd-1) 

Ym, ss milk yield of cows in subsequent lactations (in kg animal-1 

lactation-1) 

XP, ss milk protein content, subsequent lactations (in kg kg-1) 

 

Milk yield and milk protein are variable. Our calculations make use of a 

milk protein content of 0.034 kg kg-1, if not otherwise stated. 

 

2.5.3. Yield Depression Due to Illness, Non-Marketable Milk 

Sick cows produce less milk than healthy ones. This yield depression 

depends on the type and frequency of illness and the age of the cow (Dämmgen 

et al., 2016a). It is quantified as follows: 

 

n depr,n milk,n depr, XYY   (8) 

 

where 

 

ΔYdepr, n yield reduction caused by mastitis and other illnesses in n-th 

lactation (in Mg herd-1 lactation-1) 

Ymilk, n nominal milk yield in n-th lactation (in Mg herd-1 lactation-1) 

Xdepr, n cumulative yield depression in n-th lactation (in kg kg-1) 
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Statistical data for northern Germany were used to derive cumulative yield 

depression rates Xdepr, n of 0.0113, 0.0104, 0.0101, 0.0117 and 0.0117 kg kg-1 for 

the first, second, third, fourth and fifth lactation, respectively. 

Milk that contains pathogens or medicine (including metabolites) is not 

marketable and is discharged to the slurry store. By far the most frequent illness 

is mastitis. Rudolphi et al. (2012) evaluated data from almost 38000 lactations 

in Mecklenburg-Vorpommern; the proportion of discharged milk was 2.2%. 

For this paper, we assume that half the incidences result in non-marketable 

milk (see Hogeveen, 2005; Spohr, 2005; Hellerich, 2008). Hence, non-

marketable milk amounts to: 

 

n cow,n dis, milk,n milk,n cow,n dis, milk,n sick,n milk,n dis, milk,
2

1
NXYNxIYY 

(9) 

 

where: 

 

ΔYmilk, dis, n amount of milk discharged due to illnesses in n-th lactation (in 

Mg herd-1 lactation-1) 

Ymilk, n milk yield of animals in n-th lactation (in Mg cow-1 lactation-

1) 

Isick n frequency of relevant illnesses n-th lactation (in cow cow-1) 

xmilk, dis, n incidence-related fraction of milk that has to be discharged in 

n-th lactation (in kg kg-1) 

Xmilk dis, n overall fraction of milk that has to be discharged in n-th 

lactation (in kg kg-1) 

Ncow, n number of cows in n-th lactation (in cow herd-1) 

 

Non-marketable milk is discharged to the slurry store. VS and N 

contributions to the respective amounts in slurry are accounted for. 

 

 

3. RESULTS 
 

CH4 emissions from dairy cow herds are influenced by many parameters. 

Those which are dealt with in this paper are: 

 

 Production intensity and animal performance (Chapter 3.3) 
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 Improved animal health and extension of productive lifespan (Chapter 

3.4) 

 Diet composition and feed production (including grazing) (Chapter 3.5) 

 Manure management (Chapter 3.6) 

 Changes in milk composition (milk fat, milk protein) (Chapter 3.7) 

 Crossbreeding and use of sexed semen for producing of male hybrids 

for fattening (Chapter 3.8) 

 

However, their future potential is also investigated. 

Changes in rumen microbiology are not taken into account. We refer to 

Janssen and Kirs (2008), Hook et al. (2010) or Nagaraja, (2012) for an overview. 

Chapter 4 hints at input variables which have a technical or legislative 

background. Finally, a set of combinations of such measures is dealt with in 

scenarios in Chapter 5. 

 

 

3.1. The Origin of Protein 
 

The protein production of a Holstein herd is dominated by milk protein: 

more than 80% originates from milk (Table 6). If the number of cows is kept 

constant, the productive lifespan changes the pattern of beef produced, with 

increasing numbers of lactations increasing the amount of protein from beef 

heifers, whereas it slightly reduces the amount of beef protein. At the same time, 

the contribution of meat protein from slaughtered cows becomes significantly 

less. By and large the protein production figures of the entire herd are not 

sensitive to the increase of the number of lactations. 

 

 

3.2. The Origin of Methane Emissions in Dairy Cow Herds - 

Changes in Herd Composition Due to Extended Lifespans  

of Dairy Cows 
 

All livestock subcategories emit CH4 from enteric fermentation and from 

manure management. Table 7 summarizes emissions from single livestock 

categories for normal illness incidences and for slurry based systems where 

slurry is stored in conventional tanks with a natural crust. For both sources, dairy 

cows are the dominating contributors. Their share decreases with increasing 
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numbers of lactations. Major changes are in the emissions from heifers, as with 

increasing numbers of lactations the need for replacement decreases. 

 

Table 6. Protein produced in a dairy herd (100 cows and their offspring, 

nominal milk yield 8000 kg cow-1 lactation-1) as a function of the number 

of lactations (in Mg herd-1 protein), normal losses, values rounded 

 

 number of lactations 

 3 4 5 

milk protein 24.5 24.8 25.0 

meat protein    

beef heifer 0.5 0.8 1.1 

beef bulls 2.3 2.2 2.2 

cows 2.0 1.5 1.3 

subtotal 4.8 4.5 4.5 

total 29.3 29.4 29.5 

 

Table 7. Methane emissions from a dairy cow herd (100 cows and their 

offspring, nominal milk yield 8000 kg cow-1 lactation-1) as a function of  

the number of lactations (in Mg herd-1 CH4, protein related emission in kg 

kg-1), values rounded 

 

 number of lactations 

 3 4 5 

enteric fermentation 

calves 0.4 0.4 0.4 

dairy heifers 5.4 4.2 3.4 

beef heifer 0.8 1.3 1.9 

beef bulls 4.1 3.8 3.8 

cows 13.6 13.6 13.7 

subtotal 24.4 23.4 23.2 

manure management 

calves 0.1 0.1 0.1 

dairy heifers 0.7 0.6 0.5 

beef heifer 0.3 0.5 0.7 

beef bulls 1.6 1.5 1.5 

cows 2.5 2.5 2.5 

subtotal 5.3 5.2 5.3 

total 29.7 28.6 28.5 

protein related emissions 1.015 0.972 0.966 
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At present, dairy cows in northern Germany give birth to 2.6 calves during 

their productive lifespan. This is only just enough to maintain the population, 

and falls short of their maximum productivity (4 to 5 lactations). 

Emissions are reduced by increasing the number of lactations. In principle, 

this effect becomes smaller with each additional lactation. However, the shift 

from 3 to 4 lactations leads to reduced absolute and protein related emissions of 

about 4%. 

(For GHG emissions absolute and relative reductions are 2% and 2.5%; 

respectively. For NH3 they amount to 3% and almost 4%). 

 

 

3.3. Emissions and Animal Performance 
 

3.3.1. Milk Yield and Methane Emissions 

If one breaks down the energy requirements of dairy cows (Table 8), the 

requirements for lactation increase proportional to the milk yield whereas all 

other contributions remain constant. It is obvious that CH4 emissions from 

enteric fermentation and manure management increase similarly. At the same 

time, protein related emission decrease as does the share of all energy 

requirements in comparison to lactation (Figure 2). 

 

Table 8. NEL requirements of dairy cows (in GJ cow-1 a-1) broken down 

into components 

 

 milk yield (in kg cow-1 a-1) 

NEL required for 6000 7000 8000 9000 10000 11000 

lactation 19.7 23.0 26.3 29.6 32.8 36.1 

additional animal 

activity* 

0.0 0.0 0.0 0.0 0.0 0.0 

maintenance 16.9 16.9 16.9 16.9 16.9 16.9 

growth 0.6 0.6 0.6 0.6 0.6 0.6 

conception 

products** 

0.9 0.8 0.8 0.8 0.8 0.8 

total NEL 

requirements 

38.1 41.3 44.6 47.9 51.1 54.4 

* grazing requires extra energy as compared to feed intake in the house. 
** conception products comprise all organs developing or growing as a result of 

pregnancy. 
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Figure 2. Absolute and protein related (relative) CH4 emissions from dairy cows (enteric 

plus manure management) as a function of milk yield. 

It is obvious that a milk yield increase from 6.000 kg cow-1 a-1 to 10.000 kg 

cow-1 a-1 is associated with a significant reduction of CH4 emission per kg 

protein. 

 

3.3.2. Beef Production 

In contrast to milk production, the animals’ lifespan ranges between one 

and two years as a function of their final weights and weight gains. Both entities 

also affect the protein content of the carcass. As can be seen from Figure 3, 

emissions per animal increase almost linearly with final weights. For given final 

weights, increased rates ofweight gain reduce emissions per kg of animal (as the 

share of energy used for maintenance is reduced). However, carcass dressing 

percentages increase slightly with final weights and decrease slightly with 

increasing weight gains. 

As a result, Figure 4 illustrates that - with respect to emissions per unit of 

product - it would be preferable to slaughter younger bulls and feed them more 

intensively (Dämmgen et al., 2015a). Above about 450 kg animal-1, the 

influence of final weight on relative emissions becomes negligible. 

With respect to emissions, the comparison of Figures 2 and 4 reveals how 

much more efficient protein production with milk is as compared to meat. 
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Figure 3. Absolute CH4 emissions from beef production with beef bulls (including their 

lifespan as calves), 100% untreated slurry. 

 

Figure 4. CH4 emissions from beef production with beef bulls related to edible protein 

produced, 100% untreated slurry. 

 

3.4. Improved Animal Health 
 

3.4.1. Reduction of Losses 

In dairy herds, loss of animals is a natural concomitant. However, losses 

can be addressed by careful herd management. Among dairy cows, perinatal 
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losses are highest, resulting from complicated births or from problems with the 

subsequent energy deficit. 

Medical treatment of cows may result in contaminated milk (pathogens, 

drugs and their metabolites) which has to be discharged. 

Our calculations make use of the losses listed in Table 9. 

 

3.4.2. Extended Productive Lifespan of Dairy Cows 

Extension of the productive lifespan of the dairy cows results in major 

changes in the overall herd composition. In particular, the number of “useless” 

dairy heifers and the amount of feed they need are reduced. More protein is 

produced in the herd which originates from more milk rather than from more 

meat. The share of meat protein decreases (Table 6). 

 

 

3.5. Diet Composition and Feed Production 
 

3.5.1. Milk Yield and Diet Composition 

The performance of an animal depends on its intake of metabolizable 

energy. Here the animal size, in particular the size of its digestive system, 

restricts the amount of feed. These limitations are overcome by feeding energy 

rich diets which contain grain (concentrates) rather than grass or grass silage 

(roughage). These concentrates also contain less fibre than grass or grass silage 

which results in a reduced CH4 formation per unit of feed intake (see Equation 

1). Figure 5 shows the effect on the overall herd if the milk yield is increasing. 

The amounts of roughage remain almost constant. Extra feed intake is due to 

concentrates. As the protein content of concentrates is generally higher than that 

of roughage, the necessary additional N input for milk protein synthesis is 

covered. 

 

3.5.2. Importance and Effects of Grazing 

The grazing of cattle is the original form of husbandry. Pastures are felt to 

be important elements of the land cultivated and developed by man and greatly 

valued for their biodiversity. With respect to GHGs, grasslands are no longer 

considered to be carbon sinks. The direction of flux and the size of any carbon 

sequestration by grassland varies considerably depending upon how the 

grassland is managed, previous management, soil type and climate (O’Mara, 

2012; Soussana et al., 2010). Hence, the potential for grasslands to act as carbon 

sinks is not considered in the calculations at hand. Moreover, grazing by cattle 
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has been declining over the last decades mainly due to the economic advantages 

of maize production. 

 

Table 9. Animal losses in dairy herds 

 

 overall losses due to slaughtering and 

perishing 

useful fraction 

(slaughtered 

animals) 

 high losses medium 

losses 

moderate 

losses 

 

 animal 

animal-1 

animal 

animal-1 

animal 

animal-1 

animal animal-1 

dairy cows. 1st 

lactation 

0.20 0.10 0.05 0.92 

dairy cows. 

subsequent lactations 

0.07 0.05 0.03 0.92 

calves (all) 0.15 0.10 0.08 0.0 

female calves 0.12 0.07 0.06 0.0 

male calves 0.18 0.13 0.10 0.0 

dairy heifers 0.01 0.01 0.01 0.6 

beef heifers 0.03 0.02 0.02 0.6 

beef bulls 0.06 0.05 0.04 0.6 

 

 

Figure 5. Shares of concentrates and roughage in the herd diet depending on milk yield. 
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Table 10. Energy requirements (in GJ cow-1 a-1 NEL) for good  

and moderate roughage qualities and varying duration of grazing 

 

 good roughage quality 

days grazing (in d a-1) 

moderate roughage quality 

days grazing (in d a-1)  

energy required for 0 75 150 0 75 150 

maintenance 17.10 17.10 17.10 17.10 17.10 17.10 

additional mobility 0.00 0.30 0.60 0.00 0.30 0.60 

milk production 20.98 21.33 21.54 13.53 13.27 13.01 

conception products 0.847 0.845 0.844 0.886 0.887 0.889 

growth 0.51 0.51 0.51 0.51 0.51 0.51 

total 39.44 40.09 40.60 32.03 32.07 32.11 

 

Nevertheless, economic benefits of grazing cattle arise primarily from the 

reduction in feed costs, if additional costs for the purchase of concentrates can 

be kept low. Meanwhile, consumers in northwest Europe accept higher prices 

for milk and milk products from grazed cows (Menzel et al., 2015; 

Milieudefensie, 2015). Grazing also results in healthier animals (e.g., Olmos et 

al., 2009; Burow et al., 2011; Wagner et al., 2015) or will at least cause no 

negative effects (Schären et al., 2016) and results in reduced risk of being 

injured (Armbrecht et al., 2015). 

For high yielding cows, part time grazing is recommended, with 

supplementary feeding in the building. The combination of loose housing and 

part-time pasture utilizes the benefits of pasturage on animal health without 

affecting the performance of the cows. 

From the perspective of national economy and business management, an 

investigation of yields and emissions resulting from a limited concentrate supply 

is considered interesting. As protein production in a dairy cow herd is governed 

by milk production (c.f. Figure 10), this chapter is restricted to emissions from 

dairy cows as well as the provision of feed, water and energy. It back calculates 

the milk yield that can be achieved under the feeding conditions listed in Table 

11, and relates them the CH4 emissions. 

 

3.5.3. Methane Emissions from Grazed Animals Fed with Limited 

Amounts of Concentrates 

The diet is based on pasture grass and grass silage made from grassland of 

a similar quality. The practice of supplying freshly cut grass to housed animals 

is not taken into account in this study. The making of silage leads to energy 

losses, hence grazing results in increased energy intake. For good roughage 
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qualities (pasture 6.90 MJ kg-1, silage 6.51 MJ kg-1 NEL4 in DM), grazing results 

in increased milk yields which then lead to a slightly extended duration of the 

lactation period. The opposite is true for moderate roughage qualities (pasture 

5.88 MJ kg-1, silage 5.84 MJ kg-1 NEL in DM). If energy requirements are yearly 

bases, the requirements for the development of the conception products are 

reduced. Grazing requires additional energy for mobility. Table 10 lists the 

resulting energy balances. 

 

Table 11. Variation of input parameters in feeding scenarios (varying 

roughage quality, type and amounts of concentrates and duration  

of grazing) 

 

  concentrates amounts 

(in Mg cow-1 a-1 DM) 

roughage-

quality 

days grazing 

(in d a-1) scenario type* 

14/1/g/000 14/3 1.0 good 0 

14/2/g/000 14/3 2.0 good 0 

14/1/g/075 14/3 1.0 good 75 

14/2/g/075 14/3 2.0 good 75 

14/1/g/150 14/3 1.0 good 150 

14/2/g/150 14/3 2.0 good 150 

16/1/g/000 16/3 1.0 good 0 

16/2/g/000 16/3 2.0 good 0 

16/1/g/075 16/3 1.0 good 75 

16/2/g/075 16/3 2.0 good 75 

16/1/g/150 16/3 1.0 good 150 

16/2/g/150 16/3 2.0 good 150 

14/1/m/000 14/3 1.0 moderate 0 

14/2/m/000 14/3 2.0 moderate 0 

14/1/m/075 14/3 1.0 moderate 75 

14/2/m/075 14/3 2.0 moderate 75 

14/1/m/150 14/3 1.0 moderate 150 

14/2/m/150 14/3 2.0 moderate 150 

16/1/m/000 16/3 1.0 moderate 0 

16/2/m/000 16/3 2.0 moderate 0 

16/1/m/075 16/3 1.0 moderate 75 

16/2/m/075 16/3 2.0 moderate 75 

16/1/m/150 16/3 1.0 moderate 150 

16/2/m/150 16/3 2.0 moderate 150 
* German standard concentrate mix with 16% and 14% crude protein, respectively, and 

a NEL content of 6.7 MJ kg-1 (energy level 3). 

 

                                                           
4 NEL, net energy lactation, is used in Germany as measure for energy requirements of dairy cows. 
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Figure 6. Milk yield related to roughage quality, amounts of concentrates fed and 

duration of grazing. (For abbreviations characterizing scenarios see Table 11). 

 

Figure 7. CH4 emissions per cow related to roughage quality, amounts of concentrates 

fed and duration of grazing (For abbreviations characterizing scenarios see Table 11). 
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16 scenarios were tested with respect to their emissions of CH4, CO2, N2O, 

NO, N2 and NH3 as functions of roughage quality, grazing time and the amounts 

of concentrates provided (Table 11). 

The milk yields achieved in these scenarios are illustrated in Figure 6. As 

expected, the crude protein content of the diets does not have any influence on 

milk yield. The effect of roughage quality is clearly visible, as is the effect of 

additional concentrates. 

CH4 emissions per cow decrease slightly with increased intakes of good 

roughage (Figure 7). Faeces deposited during grazing are decomposed 

aerobically and release very little CH4, whereas faeces that are stored in 

conventional slurry tanks will be degraded an aerobically and emit CH4. 

CH4 emissions related to the protein produced show a sharp rise when milk 

yield is decreasing (Figure 8). 

The economic benefits of grazing result primarily from the reduction in feed 

costs. In order to optimise outputs pasture management for a continuous supply 

of high quality pasture forage is required. 

 

 

Figure 8. CH4 emissions per unit of protein produced related to roughage quality, 

amounts of concentrates fed and duration of grazing (For abbreviations characterizing 

scenarios see Table 11). 
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Under comparable conditions (supplementing with concentrates, roughage 

quality, performance, etc.) grazing proves to be favourable as compared with 

exclusive housing, in particular for NH3 emissions. This is because renally 

excreted nitrogen (total ammoniacal nitrogen, TAN) deposited to grassland 

during grazing infiltrates the soil quickly and emissions of NH3 are small. The 

grazing period should be extended to the maximum duration operationally 

possible if the priority is to reduce emissions of NH3. For example, Webb et al. 

(2005) concluded from a modelling study that if the average grazing season for 

the UK cattle herd could be extended from 6 to 8 months, NH3 emissions from 

cattle could potentially be reduced by c. 15% (of the total for all livestock) if the 

cattle spend all of the extra grazing days outdoors. The main environmental 

disadvantage of extending the grazing period is that most of this conserved N 

was predicted to be lost as nitrate. The effects on direct emissions of N2O were 

estimated be negligible, if the grazing season is extended by beginning earlier 

in spring or perhaps some reduction in N2O emissions when the grazing season 

is extended by grazing for longer in autumn (see also: Milieudefensie, 2015). 

Regular supplementing with concentrates is recommended in any case. 

One side effect of grazing is the input of comparatively high amounts of 

crude protein which leads to increased excretion of TAN and hence to an 

increase in the potential NH3 emissions. The extent to which this potential is 

realized in practice will depend upon the pattern of grazing. If cattle are grazing 

all day, only leaving the pasture to be milked, and left outside at night NH3 

emissions will be small due to rapid infiltration of urine into soil. However, if 

cattle only graze for part of the day and/or are housed at night then much of the 

excreta will be deposited in buildings, collected as slurry and the greater TAN 

content will lead to increased emissions of NH3 following application of slurry 

to land. 

The choice of a concentrate with a moderate protein content (MLF 14/3 

rather than MLF 16/3 5) avoids surplus protein intake and helps to reduce 

emissions. 

 

 

3.6. Manure Management 
 

Manure management practices influence CH4 emissions from storage only. 

Figure 9 shows that emissions from the uncovered storage tank (treatment A, 

anaerobic storage) can be significantly reduced when a natural crust is allowed 

                                                           
5 MLF: Milchleistungsfutter, German standard concentrate for dairy cows 
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to form a sufficiently thick layer (treatment B), in which CH4 is oxidized. The 

emission reducing effect of part time grazing (treatment C) has similar reasons: 

excreta dropped on the pasture will be decomposed aerobically and form CO2 

rather than CH4. If the slurry is pumped into a digester, CH4 emissions drop to 

a minimum (treatment D). 

However, NH3 emissions increase, as digestion transforms organic N to 

TAN. In addition, pH values of the digested slurry are higher than those of 

untreated slurry which increases the NH3 vapour pressure. Hence, during 

storage of digestate it is desirable to cover the store otherwise NH3 emissions 

will be greater than from raw slurry (Neerackel et al., 2015). The reduced 

viscosity of digested slurry may lead to more rapid infiltration following 

application to land and this can, to some extent, counter the increased potential 

for NH3 emissions as a result of the increased pH and TAN content. Neerackel 

et al. (2015) found that NH3 emissions were less following application to land 

of digestate than of raw slurry. However, emissions of NH3 following injection 

were less from digestate than from raw slurry. Hence, the use of direct 

incorporation techniques to apply digestate may provide additional benefits. A 

natural crust helps to convert NH3 to organic N fixed in the crust (Döhler et al., 

1992). 

The urine of grazed animals infiltrates rapidly into the soil where TAN is 

fixed almost immediately to soil particles. 

 

 

Figure 9. Effects of manure treatment on the CH4 and NH3 emissions of a single dairy 

cow (milk yield 8000 kg cow-1 a-1, milk fat content 0.040 kg kg-1, milk protein content 

0.045 kg kg-1). A: uncovered tank (anaerobic storage); B: tank with natural crust 

(sufficiently thick); C: part-time grazing; D: all slurry to biogas digester. 
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Figure 10. Absolute CH4 emissions as a function of milk composition (in kg cow-1 a-1). 

Solid line: CH4 from enteric fermentation; broken line: CH4 from manure management. 

Grazing reduces the amount of VS dropped in the house and as a 

consequence emissions from storage. Any faeces dropped during grazing are 

exposed to air and will decompose primarily releasing CO2. The IPCC 

methodology (IPCC, 2006) considers this with emission factors of 1%, 10% and 

17% for pasture, tank with natural crust and open tank, respectively. 

In Germany, CH4 produced in biogas plants is used to generate electricity 

and in this way replaces fossil fuels. National emission inventories make 

allowances for biogas CH4, The “correct” GHG balance takes this into account 

by subtracting the amount of GHG from the balance that would be released by 

its conventional generation (i.e., 0.595 kg kWh-1 CO2-eq) (For the effect see 

GHG credit in Table 14). 

 

 

3.7. Changes in Milk Composition 
 

For decades, dairies paid their farmers for the fat contents of the milk 

delivered. With increasing demands for protein rich food such as cheese and a 

saturated fat market, increases in the protein to fat ratio seem worthwhile (Brade 

et al., 2008). Our model calculations make use of cows with a milk yield of 8000 
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kg cow-1 a-1, standard diet and standard manure management, but with changing 

milk protein and fat contents. 

An increase in milk protein content in favour of the fat content not only 

reduces CH4 emission but also the emission of NH3 per kg of milk protein 

primarily due to the better utilization of feed protein. 

Fat synthesis in the udder requires considerable amounts of energy. Our 

calculations reflect this: milk production with lower fat contents results in 

reduced feed intake rates, and hence reduced CH4 emission rates from both 

sources (Figure 10). As a result, protein synthesis is less burdened with CH4 

emissions (Figure 11). A positive side effect is the more efficient N use (less 

input with feed, higher output with milk, Figure 11). 

However, breeding for a modified protein to fat ratio is hampered by the 

fact that a strong genetic relationship exists between milk fat and milk protein 

contents. Hence, cows with individual high milk protein contents normally have 

high milk fat contents. It is obviously difficult to deal with these antagonistic 

outputs. In addition, milk yield on the one hand and milk fat and protein on the 

other are negatively correlated. To achieve the desirable protein to fat ratio 

remains difficult (see Brade, 2006). 

 

 

Figure 11. Protein related (relative) CH4 emissions as a function of milk composition 

(solid line). NH3 emissions from manure management (broken line). 
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Table 12. Fattening and slaughter performance data of Holstein bulls 

(DH) as compared to expected performance of F1 bulls (DF x DH) 

 

parameter unit DH* F1** (DF x DH) 

weight gain (birth to slaughtering) g animal-1 d-1 1209 1273 

final weight kg animal-1 570 613 

age at slaughtering d 437 448 

carcass dressing percentage kg kg-1 0.551 0.566 

share of muscle tissue kg kg-1 0.639 0.661 

share of fat kg kg-1 0.144 0.136 

edible protein content of carcass kg kg-1 0.144 0.148 

N content of live animal kg kg-1 0.0256 0.0261 
* experimental data (Geuder et al., 2012); ** expected performance (for details see Brade 

et al., 2015). 

 

 

3.8. Crossbreeding and Use of Sexed Semen for Producing  

of Male Hybrids for Fattening 
 

In Germany, local beef production is based primarily on Holstein cattle in 

dairy cattle herds where male calves and cows at the end of their productive 

lifespan are slaughtered. 

To improve the meat production with these specialized Holstein dairy herds, 

targeted mating of older cows with (dual purpose) Simmental bulls (DF) using 

sexed semen may provide an alternative, as these crossbred bulls are superior to 

their Holstein counterparts with respect to all parameters compared in Table 12. 

Increased final weight and weight gain result in increased feed intake and 

hence increased emissions per animal. Figure 12 illustrates that the higher 

protein content of the carcass in the crossbred bull reduces the overall protein 

related CH4 emissions. An additional benefit is an increase in meat production 

per herd. 

Similar findings apply to GHG and NH3 emissions: GHG emissions per 

animal from enteric fermentation and manure management of F1 beef bulls 

(Simmental x Holstein) are slightly larger than those of pure-bred Holstein bulls 

(2433 kg animal-1 CO2-eq as compared to 2265 kg animal-1 CO2-eq). Based on 

the amount of protein produced, a reduction of 2.7 kg CO2-eq per kg of meat 

protein produced can be quantified, i.e., a reduction of 5.1%. Similar results 

were obtained for NH3 emissions. 
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Figure 12. CH4 emissions from enteric fermentation and manure management of DH and 

DH x DF bulls as compared to protein related CH4 emissions. 

However, these advantages can only be fully exploited if it is possible to 

continue to use pure-bred H cows for milk production and presupposes a highly 

efficient separation of the male and female semen at low cost for sperm 

separation. 

 

 

4. PROSPECTS AND EXPECTATIONS 
 

4.1. Future Breeding Goals 
 

Any future breeding, with respect to CH4 emission reduction, has to deal 

with both major sources - enteric fermentation and anaerobic storage during 

manure management. The latter process can only be influenced by breeding if 

the VS excretion rates can be reduced. So far breeding has been unable to isolate 

traits that lead to reduced enteric emissions. However, as they are both governed 

by feed intake rates the reduction of the product related intake rates is to be 

considered. 

Any increase of milk yield will result in decreased trace gas emissions as a 

proportion of the product obtained, as was pointed out above. From a global 

perspective, increased performance remains a well tested and important 

breeding goal (Gerber et al., 2010). However, the foreseeable rapid milk yield 
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increase in Western Europe (>12,000 kg cow-1 lactation-1) needs further 

analysis. Outputs become increasingly sensitive to effective herd management, 

and costs for veterinary care are likely to increase. 

 

 

4.2. Reduction of Animal Losses 
 

Before the productive lifespan of a dairy cow begins, there is a three years’ 

“investment” in these animals causing a considerable amount of emissions. 

Avoidance of these investment losses is therefore an option to reduce GHG 

emissions arising from milk production. 

 

 

4.3. Optimizing Diet Composition with Respect to Emissions 
 

In general it is advisable to consider the respective recommendations for the 

supply of energy and nutrients to the different animals. Any deviations from the 

specific recommendations may lead to malnutrition and to an inefficient use of 

the nutrients followed by increased emissions. Some possibilities for the 

adaptation of the diet related to emissions were recently described by 

Flachowsky et al. (2015). These include e.g., the reduction of fibre in the diet, 

the use of highly digestible forages and the use of fats and fatty acids in the diet. 

Furthermore, the addition of different phytogenic substances and hydrogen 

acceptors are discussed to reduce CH4 emissions. The results of these measures 

seem to be variable and in some cases contradictory. 

Equation (1) suggests that diets with less cell wall carbohydrates and more 

starch may help reduce CH4 emissions, still keeping in mind that cattle are 

ruminants (GfE, 2001). 

Different feed-related enteric CH4 reduction strategies have been reported 

in the literature, such as Tamminga et al. (2007), Hook et al. (2010), Nagaraja 

(2012) and Weimer (2015). These include also the (future enhanced) breeding 

low-fibre forage crops (O’Mara, 2012). Feed-related strategies include: 

 

 use roughage with rapidly fermentable cell wall constituents (high 

degradation rate) and high rate of passage of the non-degradable cell 

wall components, 

 use of food fats (fatty acids, oilseeds) and 

 use of feed additives (prebiotics, enzymes). 
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Basically, there is still a considerable need for research. However, a diet 

rich in concentrates tends to facilitate the risk of rumen acidosis. Large amounts 

of fats may be accompanied by disturbances of rumen metabolism and lead to 

enrichment of unwanted fatty acids in the milk. The use of ionophores or 

halogen derivatives is not permitted in the EU. 

 

 

4.4. Reduction of Animal Live Weights, Avoidance  

of Unnecessarily Heavy Cows 
 

For dairy cows, ME requirements are governed by the share used for milk 

production. However, a considerable share of ME is maintenance energy, 

directly depending on animal weight. Breeding for lighter dairy cows and 

specific herd management actions avoiding heavy cows (by slaughtering before 

they become too heavy) may be taken into account. 

Figures 3 and 4 illustrate that reduced slaughter weights are favourable from 

the perspective of emissions. The side effect is a reduced meat production which 

seems not favourable at present. 

 

 

4.5. Changes in Milk Composition (Milk Protein  

and Fat Synthesis) 
 

Changes in consumer behaviour (decreased fat and increased protein intake, 

i.e., less butter, more cheese) promoted research into the effects on emissions of 

changesin milk composition. Our model calculations showed reductions in CH4 

emissions as well as VS and N excretion rates, primarily, because fat synthesis 

requires much ME and hence a reduced feed intake (Chapter 3.7). Although 

protein and fat synthesis are genetically closely coupled, it could be shown that 

selection of an increased protein to fat ratio is possible in principle (Vos and 

Groen, 1998). 

 

 

4.6. Sexed Semen 
 

Sexed semen can be used to optimize both milk and meat production, if 

highly productive dairy cows and heifers are impregnated with sexed semen 

(pure Holstein, sorted for females), whereas less productive cows are treated 
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with sexed Simmental or other specialized beef breeds (such as Belgian Blue) 

semen (sorted for males). Hybrid bulls would increase beef production and 

reduce product specific emissions (see Chapter 3.7). This advantage is 

particularly present if only pure-bred high-yielding cows are used for milk 

production. This assumes that the high-yielding dairy cows are used for more 

than 3 lactations, which allows for the reproduction of the cow population and 

excludes the necessity to use female crossbreeds in dairy production. The extent 

of crossbreeding to produce male hybrids is thus the higher the longer the dairy 

cows are used. 

Sexed semen is already present at reasonable prices (double the price of 

unsexed semen), however sorting efficiency is only about 90% (Rath et al., 

2009; Seidel, 2007; Schenk et al., 2009). In addition, insemination success of 

sexed semen is lower than of unsexed semen, in particular for older cows (Rath 

et al., 2012). 

Technological progress is likely and raises hopes that sexed semen will be 

an instrument for emission reduction. 

 

 

4.7. Technical Improvements - Impact of Slurry Digestion 
 

Biogas plants are rapidly being erected in Germany. At present (2015) about 

20% of slurry is used for electricity and heat generation. Reasons are neither 

striving for renewable energy sources nor emission reduction, but the 

profitability - with welcome side effects on CH4 emissions. As shown in Table 

14, the credit given for substituting fossil energy may be reasonable and must 

be taken into account, as it is in the same order of magnitude as emission 

reductions for enteric CH4. The necessity of immediate incorporation of 

digestates was stated above; it requires adequate technology. 

 

 

4.8. Political Instruments - Adjusting the German Fertilizer 

Enactment to Ecologic Requirements 
 

The German fertilizer enactment provides a calculation tool that enables the 

farmer to estimate fertilizer requirements as a function of expected yields. It is 

obvious that the amounts are “on the safe side”. From the calculated total, N 

inputs with manures have to be subtracted. However, the enactment takes only 

half the N into account (as the immediate fertilizing effect is depending on the 

rapidly available N). However, this N is not lost, but will be released in 
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subsequent years: the total N content of manures has to be taken into account. 

CH4 emissions would be affected indirectly, as decreased amounts of mineral 

fertilizer would result in reduced losses during extraction, transport and 

synthesis. 

 

 

5. SCENARIOS - SYNTHESIS AND ASSESSMENT OF MODEL 

RESULTS - DEDUCTION OF RECOMMENDATIONS 
 

The overall production system for milk and meat with dairy cow herds is 

very complex. The primary goal in agriculture is the achievement of profits and 

the supply of high-quality food. The reduction of emissions, of which CH4 is 

just one element, or other adverse effects on the environment are goals of the 

entire society. The conflict of aims is obvious. It is also obvious that this conflict 

needs to be solved (Cooper et al., 2013; Heissenhuber et al., 2013). 

From the results obtained above we conclude that the following measures 

are desirable and feasible: 

 

 Provision of adequate diets reflecting the needs of ruminants and 

animal performance. 

 Reduction of excess N inputs into the production system (approximate 

closure of the N balance in plant production). 

 Reduction of animal mortality and improvement of animal health and 

welfare. 

 Extension of the productive lifespan of dairy cows. 

 Greatly improved fertilizer and manure management. 

 Increase of biogas production from livestock manures (in combination 

with adequate application techniques for biogas residues). 

 

We propose that the logical pathway to reduced GHG and NH3 emissions 

from protein production with dairy cow herds is the “intelligent combination” 

of measures. Examples are collated in the scenarios given in Table 13, no longer 

confined to a single farm, but rather to a region. The results of the respective 

calculations are presented in Table 14. 

The amounts of protein produced in these scenarios (Figure 15) primarily 

reflect increased milk yields. Different animal losses explain the difference 

between scenarios 3 and 4. 
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Table 13. Measures proposed for a reduction of CH4 as well as GHG  

and NH3 emissions 

 

  scenario 1 scenario 2 scenario 3 scenario 4 

varied entity unit current 

practice 

possible in 5 

years 

possible in 

10 years 

within 10 

years, no 

measures 

nominal milk 

yield 

kg cow-1 lactation-1 8000 8500 9000 9000 

animal losses % of cows in 1st 

lactation 

10 10 5 10 

productive 

lifespan 

lactations cow-1 3 4 5 3 

grazing % of dairy cows* 10 12 14 8 

mineral fertilizer % of DüV 

recommendations 

130** 100 90 120 

allowance N in 

AM** 

kg kg-1 0.5 0.5 0.9 0.5 

solid urea % of mineral 

fertilizer mix 

37 0 0 37 

UAN % of mineral 

fertilizer mix 

7 adjusted**** 0 7 

grass clover N fixed in kg ha-1 

N 

0 10 20 0 

N deposition kg ha-1 a-1 N 0 0 10 0 

biogas slurry % of total slurry 20 40 60 40 

slurry injection % of total slurry 5 10 30 5 

trailing shoe % of total slurry 0 20 50 0 
* Fraction of dairy cows grazed in a region. Grazing occurs during the whole vegetation 

period for 8 h d-1. Dairy heifers are grazed in their 2nd summer. For all other animals, 

grazing is not an option. 
** Includes the 60 kg ha-1 a-1 N by which the German fertilizer enactment 

(Düngeverordnung, DüV) recommendations can be exceeded. A reduction to 40 kg 

ha-1 a-1 is anticipated within 10 years. 
*** AM: animal manures. 
**** Solid urea is replaced by a mixture of UAN (urea ammonium nitrate) and CAN 

(calcium ammonium nitrate). 

 

Scenarios 3 and 4 are the likely boundaries between whom reality might be 

established. Scenario 3 is by no means a “maximum feasible” option: diet 

composition may be adjusted to animal performance; manure application may 

be improved even for farms without biogas. 
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Figure 15. Contributions of animal categories to protein production in scenarios 1 to 4 

(1: current practice; 2: possible in 5 years’ time; 3: possible in 10 years’ time; 4: business 

as usual, see Table 13). 

The results in Table 14 show the following major relations where CH4 

emissions from sources other than enteric fermentation are incorporated in GHG 

emissions. 

 

 Increased milk yields lead to increased excretion rates. 

 GHG emissions from manure management are strongly dependent on 

the extent of biogas production. 

 Mineral fertilizer application and production decrease when excess 

fertilization is reduced and when manure N inputs are adequately 

accounted for. This results in reduced NH3 emissions. It also reduces 

total GHG emissions, in particular direct and indirect N2O emissions. 

 NH3 emissions are governed by emissions from livestock application 

and slurry application. Whereas the emissions from buildings can be 

affected by feed composition and grazing time, the effect of reduced 

inputs of mineral fertilizers can be clearly seen. The extent to which 

NH3 emissions reductions are possible exceeds the relative reduction 

potential of GHG by far. 

 Increased performances require larger areas for feed production. The 

difference between scenarios 3 and 4 indicates that grazing may help to 

reduce this effect. 
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 Differences between these results are even more significant if one 

relates emissions to the amounts of protein produced. 

 N balance and N efficiency can be improved considerably. 

 

All in all, it could be shown that measures improving animal health and 

welfare and the avoidance of excess mineral fertilizer application cause 

desirable emission reductions at no additional costs. 

 

 

6. DISCUSSION 
 

6.1. Uncertainties 
 

The determination of CH4 emissions from enteric fermentation and manure 

management is not trivial. In most cases, the methods applied are regression 

calculations explaining experimental data. 

The German methodology to quantify CH4 from enteric fermentation makes 

use of feed intake and feed properties available from standard feed analysis. The 

reliability of the methodology (Kirchgessner et al., 1994) to determine has 

proved to be acceptable in international comparisons (e.g., Ellis et al., 2010). 

The uncertainties of input parameters are discussed in extenso in Dämmgen et 

al. (2016b). 

The methodology to calculate CH4 emissions from manure management 

follows IPCC (2006) in principle. An attempt was made to find those parameters 

that suit the German situation best, in Dämmgen et al. (2012a). 

In the national emission inventory both approaches are used to quantify 

absolute national emissions and their trends. However, it should be repeated that 

the uncertainties of relative changes - as depicted in this paper - are smaller than 

those assumed for the absolute entities. 

 

 

6.2. Comparative Data 
 

For GHGs, results of life cycle analyses, for example Nijdam et al. (2012), 

provide a wide range of results for milk and beef production. The 52 approaches 

described differ considerably, in particular for the treatment of joined products, 

but also with respect to their input parameters (production intensity, feed used, 

farming system, manure and mineral fertilizer managements, infrastructure, 
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means of transport and processes subsequent to farming). The findings of this 

paper are within the range of previously reported work. 

 

Table 14. Excretions and emissions of a dairy herd with 100 cows  

and their offspring resulting from the assumptions made in Table 13 

 

 unit scenario 1 scenario 2 scenario 

3 

scenario 

4 

excretions 

CH4 enteric Mg herd-1 lactation-1 CH4 23.8 23.5 23.5 24.4 

VS Mg herd-1 lactation-1 VS 383 399 418 391 

N Mg herd-1 lactation-1 N 20.2 20.2 20.9 21.5 

GHG emissions Gg herd-1 lactation-1 CO2-eq     

enteric fermentation  0.595 0.588 0.586 0.610 

manure management  0.166 0.148 0.127 0.150 

MF application*  0.131 0.094 0.058 0.128 

MF production  0.010 0.007 0.003 0.009 

combustion 

processes 

 0.032 0.032 0.033 0.033 

provision of 

electrical energy 

 0.016 0.018 0.020 0.017 

N2O indirect  0.095 0.041 0.072 0.099 

total GHG  1.053 0.959 0.964 1.083 

GHG credit**  0.010 0.032 0.065 0.036 

NH3 emissions Mg herd-1 lactation-1 NH3     

manure management  8.160 7.540 6.871 8.804 

MF application  3.898 1.287 0.307 3.764 

MF production  0.554 0.580 0.314 0.535 

total NH3  12.61 9.41 7.49 13.10 

cultivated area ha herd-1 118.5 117.9 118.4 123.6 

protein related emissions 

GHG Mg (Mg protein)-1 CO2-eq 36.0 30.2 27.6 32.5 

NH3 Mg (Mg protein)-1 NH3 0.433 0.305 0.229 0.405 

N balance*** kg ha-1 lactation-1 N 202 136 56 173 

N efficiency**** kg kg-1 0.162 0.236 0.440 0.195 
* MF: mineral fertilizer; ** see Chapter 3.6; *** OECD (2001) defines this indicator 

(“surface nitrogen balance indicator”) as the area related difference between N 

inputs into the system and N outputs, for details see Dämmgen et al. (2016a), 

Chapter 2.11.1; **** OECD (2001) takesthe fraction of N used in products and  

the overall amount of N in inputs to the system as an indicator for “efficiency  

of nitrogen use in agriculture” that characterizes resource protection and 

environmental compatibility in agricultural production. For further details see 

Dämmgen et al. (2016a), Chapter 2.11.2. 
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GHG emissions were published for milk (Müller-Lindenlauf et al., 2014). 

For German farms in 2010, with slightly different system boundaries, mean 

GHG emissions of about 1.1 kg kg-1 CO2-eq were found for the production of 1 

kg milk. However, the paper mentioned used simplifying calculation procedures 

which are not equivalent to ours and do not include animal performance as a 

variable. Allocations were made based on economic data rather than energies. 

Analysis of published data reveals the amount of scatter. However, recently 

published data (Flysjö et al., 2012; Thoma et al., 2013; Vergé et al., 2013) are 

in the same order of magnitude as the results we have presented. 

GHG emissions per kg of milk obtained with our calculations for a nominal 

milk yield of 8000 kg cow-1 lactation-1 (reference conditions) amount to 0.81 kg 

kg-1 CO2-eq. This is in good agreement with Reinhard et al. (2009). 

For a detailed comparison of GHG emissions see Dämmgen et al. (2016c). 

Single gases are not normally reported in GHG papers. 

A directly comparable treatment of N flows and NH3 emissions has hitherto 

not been found. 

N inputs with manures and mineral fertilizers and N balance of our practice 

orientated scenarios 1 and 4 agree with those published in Osterburg (2007) and 

calculated from representative German book-keeping farms for the year 2000. 

It should be noted that the balancing procedure of OECD does not take 

emissions and leaching into account. Both cannot be avoided in principle. 

 

 

6.3. Relevance and Potential Translation into Practical Action 
 

Numerous studies have dealt with variations of single input parameters on 

emissions from milk or beef production (e.g., O’Mara, 2004; Garnsworthy, 

2004; Tamminga et al., 2007, Flachowsky and Hachenberg, 2009; Taube and 

Herrmann, 2009; Walter, 2009; Bell et al., 2011, Niemann et al., 2011; 

Zehetmeier et al., 2012). 

The paper at hand analyses and assesses single production factors which are 

then combined to quantify overall effects on the production of edible protein. 

Manipulations of the rumen biome in order to modify enteric fermentation 

were not considered a serious option in this paper. Intentional modifications of 

the rumen biome are still considered a largely black box (Morgavi et al., 2010; 

Kim, 2012; Brade, 2016); they are not within the farmers’ scope of action. For 

similar reasons, the potential use of hormones, such as BST, was not considered. 

Genetically modified feeds do not need extra treatment, as their influence is 

dependent on their constituents in the same way as conventional feed. 

Complimentary Contributor Copy



U. Dämmgen, W. Brade, U. Meyer et al. 

 

80 

Data on animal losses and welfare are sparse, even more so relations 

between animal performance and disease incidence (cf. Dämmgen et al., 2016a). 

Fleischer et al. (2001) indicate that the risk of metabolism and the udder 

diseases, often increase with increasing performance of cows. 

Recent data sets were available for Mecklenburg-Vorpommern, indicating 

high incidences and losses (Rudolphi et al., 2012). Prien (2006) and Hellerich 

(2008) published data for Schleswig-Holstein indicating lower incidences and 

loss rates than Rudolphi et al. (2012): Prien (2006) found incidences of about 

64% and premature losses of cows of about 31%, and Rudolphi et al. (2012) 

mentioned incidences of 77%. The highest losses were reported for young cows 

indicating difficulties incoping with the effects of negative energy balances after 

calving (Brade et al., 2008). By and large, the assumption of reduced animal 

losses is realistic. Improved animal health is feasible. 

The extension of the productive lifespan can be achieved by reducing 

animal losses. Missfeldt et al. (2015) made clear that a reduction of losses due 

to premature slaughtering or death by other causes by 10% will increase the 

number of lactations per cow from the present 2.6 to 3.4 to 3.7. Halving the 

losses would extend the productive lifespan to 5.2 lactations. It has long been 

known that milk yield peaks with the fifth lactation (Brade, 2006). This is in line 

with the statement that more than five lactations are economically optimal 

(Missfeldt et al., 2015). On the contrary farms with long productive lifespans do 

without the “normal” increase in productivity of about 75 kg cow-1 lactation-1 

milk. The present German situation with 2.6 lactations per cow does not allow 

for any selection as all female animals will be needed to preserve the herd. An 

extension of the productive life of dairy cows is not only a matter of animal 

welfare and economy, it is highly necessary for reasons of (eventual) culling 

and selection. 

The production of healthy and highly productive dairy cows can be best 

achieved with young female animals, which also graze during part of the rearing 

period (DLG, 2008; Elsässer et al., 2014). Grazing dairy heifers for at least part 

of their lives is still standard in Germany (Dämmgen et al., 2015c). However, 

part time grazing of dairy cows has decreased in recent years. The small changes 

in scenarios 2 and 3 are probably optimistic. Business management and stable 

milk yields, automation of milking and more efficient feeding are likely reasons 

(Brade, 2012). However, “Weidemilch” (milk from grazed animals) is now 

common in German supermarkets, indicating changed consumer attitudes 

(dairies pay a higher price to the farmer; consumers accept the supply on the 

shelf). After all, the necessity to reduce emissions will have to cause new 

attitudes toward grazing. There are good reasons for increased grazing. This 
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would reduce emissions in general. However, increasingly, grasslands and 

pastures have to be managed under conditions of nature conservation which 

affects the use of fertilizers, pest control measures and quality maintenance. 

Grasslands that do not provide either the required amounts or quality of feed 

cannot be used in intensive animal production. However, these considerations 

are beyond the scope of this paper. 

Manure management has a decisive effect on emissions. Economic reasons 

favour the investment of capital into biogas plants which is positive from the 

point of view of GHG emission reduction, both with respect to the direct 

emission reduction and the GHG credit gained. It is obvious that it has to be 

combined with highly efficient methods of biogas slurry application techniques 

to reduce the adverse effects on NH3 emissions. A moderate increase of the 

number of biogas plants must be anticipated, also of low emission application 

techniques. It is unclear whether the latter increase at the same speed as biogas 

plants. 

Both practice and calculation procedures to obtain the amounts of fertilizers 

to be applied have to be improved to increase nutrient efficiency of fertilization 

and to reduce atmospheric pollution. In particular, the current practice of manure 

application and the mineral fertilizer equivalent of manure N in current 

legislation appears to be not justified in an environmentally and climate friendly 

agriculture as it results in considerable nutrient surplus. A more balance 

orientated calculation procedure treating manure N more realistically in 

combination with measures to increase N use efficiency along the entire 

production chain also reduces CH4 emissions. 

Agriculture’s potential of CH4 emission reduction in protein production 

with cattle is limited as long as animal numbers are not taken into account. 

Taking the comparatively small share of agricultural GHG emissions into 

account it becomes clear that agriculture is not the main theatre of action. 

Improvements in the nitrogen balance are far more pressing. However, 

simultaneous CH4 emission reductions are welcome side effects. 

The massive reduction in milk prices in Europe will have a beneficial effect 

on gaseous emissions from agriculture. It is yet unclear what the alternatives to 

milk production are. 
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ABSTRACT 
 

As a unique species of equine, the donkey has certain specific variation 

from the horse; it is no longer acceptable to simply look on the donkey as 

a small horse. Domesticated only for approximately 5,000 years, the 

donkey has been and still is used for draught and production purposes and 

working and living alongside humans all around the world. More recently, 

the donkey has also found a role as a pet and companion. In some 

Countries, donkey milk and meat are also much prized. Donkey milk was 

used in the ancient times for its medicinal and cosmetic properties. Though 

it had long been forgotten, it has gained new popularity with today's request 

for natural medicine, and for nutrition of children affected by Cow Milk 

Proteins Allergy. Donkey milk has been extensively studied, however little 

is known about donkey nutrition and particularly about the effects of 

donkey nutrition on milk production. As a matter of fact, though donkeys 
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are part of the equid family, their feeding habits, their digestive anatomical 

and physiological particularities differ from those of horses. Donkeys have 

a higher food intake, a longer gastrointestinal transit and a greater dry 

matter digestibility, and are therefore able to enhance poor forage better 

than other equids. Basing the diets formulation on the study of the 

macroscopic anatomy of their gastrointestinal tract, this chapter provides 

information on the dietary requirements of donkeys whose milk is destined 

for human consumption. Comparisons between donkey and ruminant 

digestive systems are made; practical management tools for donkey 

breeding are also indicated in the chapter, such as the methods necessary 

for donkey body condition scoring and donkey body weight estimation. 

 

Keywords: donkey breeding, donkey feeding, donkey milk 

 

 

INTRODUCTION 
 

In contrast to most other livestock breeds, donkeys rarely enjoy  

much esteem. Because of this the breed history of the donkey remains partly 

hidden. Breeds were mainly developed only in places where mules and  

mule breeding had a need for large and strong sires, as well as mares with 

particular looks. In other places, donkey breeds were developed for meat. 

Donkeys belong to the order of odd-toed Ungulates (Perissodactyla), sub-order 

Horse-like (Hippomorpha). They belong to the Horse-Family (Equidae). This 

family includes the genus Horse (Equus) with five under-genera (Kugler et al., 

2008): Wild Horse (Equus caballus, or. Equus przewalski), Wild Ass (Equus 

hemonius), Ass (Equus asinus), Zebra (Hippotigris), and Grevyzebra (Equus 

grevyi). 

The ancestors of the domestic donkey (Equus asinus) are the African Wild 

Asses. They were divided into three subspecies: North African Wild Ass (Equus 

asinus atlanticus), Nubian Wild Ass (Equus asinus africanus), and Somali Wild 

Ass (Equus asinus somalicus). Equus asinus atlanticus was already extinct in 

Roman times. The domestication of the donkey began in 7000-6000 BC in, what 

is today, Libya in North Africa. The domestic donkey is, thus, one of the few, 

African livestock species still alive. Even today, donkeys are used far more by 

North African nomads than by Bedouins. In Egypt, the donkey was the most 

important animal and was kept in herds of up to thousand animals. In the Nile 

valley, the Nile donkey was domesticated already in the 4000 BC. On grave 

pictures, donkeys were often portrayed as grey and with a shoulder cross. Until 

the late Egyptian period (715-322 BC) no camels were in use, donkeys were 
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used as pack animals in trading caravans from Egypt to Nubia. The nomads 

appreciated their donkeys as pack animals. The settled farmers also found uses 

for donkeys: to carry, for planting seeds, for threshing and milling grains etc. 

(Kugler et al., 2008). 

In 2000 BC donkeys began to spread into Europe, probably through the 

Etruscans. The donkey arrived in Spain and Italy via Morocco. Both on the 

Iberian and the Apennine peninsulas there are rock paintings to be found, dating 

from 2000BC, upon which one can see donkeys in use as domesticated animals. 

In Greece, mules and donkeys were used for many types of work: in agriculture, 

transport and in the army. The importance of these animals differed from region 

to region: in some places donkeys were carefully bred, in others the donkey was 

considered a lowly animal and treated accordingly. The Romans spread the 

donkey further into Europe during their campaign of conquest: from Spain 

through to Hungary, to Germany and Great Britain. In most regions, after  

the fall of the Roman Empire, they disappeared again. However, in the 

Mediterranean olive and wine growing areas, the donkey remained an important 

part of agriculture. Due to their surefootedness, donkeys were also used as pack 

animals in mountainous areas. In Central Europe, the donkey was reintroduced 

in the middle Ages by monks for use in farming, for merchants and crafts folk, 

for the supplying of castles and milling grains. 

In contrast to other domesticated animals, the donkey has seen no 

fundamental changes in use or the development of the animal in its 7000 years 

of domestication. Due to the differences in breeding, region, husbandry and 

climate conditions, many physical differences can be found. Systematic breeds 

are rare. Often, even these are not exactly defined, unlike the case of other 

livestock breeds. Domesticated donkeys weigh between 80 and 480 kg, the 

withers height ranges from 80 to 160 cm. They live on average 30 to 35 years, 

they can, however, live significantly longer and can carry on working up to a 

great age. The number of chromosomes is 62. To compare: horses have 64 

chromosomes, zebras 46 (Equus grevy). Sires are sexually mature at three years, 

mares at one year. The mating time runs from April to July. Normally, the young 

are born after 12-13 month gestation. Multiple births are rare. 

 

 

Anatomy of Donkey’s Gastrointestinal Tract 
 

The anatomy of the stomach of the donkey is similar to the horse  

in conformation (Jerbi et al., 2014), similar to reports in horses, aglandular 

cutaneous part of the stomach is white and glandular mucous is reddish. The 
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stomach is strongly incurved, the cardia and pylorus are very close each other 

and the saccus cecus ventriculus is very evident; the weight of the full and empty 

stomach is, respectively, 2230420 and 54828.3 g (Jerbi et al., 2014). The 

relation between small and gross intestine in donkey is 2 vs 1 (Clauss  

et al., 2008; Jerbi et al., 2014); the duodenal papillae are located very near to 

each other and very close to the ostium pyloricum, the number and disposition 

of cecal and colonic teniae are similar to those of horses (Burns, 1992). The 

length of the small intestine varies between 7 and 8 m and the large intestine has 

a length of 4 m (see Table 1). The lengths of intestinal tracts are not statistically 

different between male and female; however, length values pertaining to the 

females are generally higher than those pertaining to the males (Jerbi et al., 

2014). 

 

Table 1. Mean values of digestive tracts in donkey 

 

 
Source: Adapted from Jerbi et al., 2014. 

 

 

Lengths of digestive tracts Female Male 

             (cm) (meanss.e.) (meanss.e.) 

 

Greater curvature of stomach 73.75  3.11 63.07  3.71 

 

Lesser curvature of stomach 13.87  1.12 10  0.37 

 

Duodenum 43.5  1.04 44.1  2.15 

 

Jejunum 799.25  84.7 631.57  35.4 

 

Ileum 22.5  1.19 20.1  2.12 

 

Cecum 68  6.10 76.35  5.05 

 

Ventral colon 125.62  3.48 124.28  6.0 

 

Dorsal colon 104.5  4.85 108.2  5.57 

 

Rest of colon and rectum 112  5.95 101.78  5.20 

 

Cecocolic fold 8.85  1.17 12.0  0.71 
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Anatomical features and measurements of the stomach and intestines are 

useful for physiologist, veterinarians and surgeons. The knowledge of anatomy 

is very important for clinical examination and diagnosis, especially in acute 

abdomen, for radiologic interpretations, exploratory laparatomy and surgery of 

the abdominal cavity. In the classical textbooks of veterinary anatomy we have 

very good descriptions of the horse intestinal anatomy, but it is not easy to find 

data about stomach and intestine of donkeys. 

 

 

Donkey Digestive Physiology 
 

Herbivores are animals (vertebrates or invertebrates) that can subsist on a 

diet consisting primarily of fibrous plant material. Non ruminant herbivores 

include a wide range species including hippopotamus, hamster, horses, zebras, 

donkeys, kangaroo and certain primates in which a sacculated stomach serves 

as primary site of microbial activity (Van Soest, 1994). Equids can be classified 

as generalist herbivores that co-exist with bovids in guilds of grazing herbivores 

in tropical ecosystems like in Africa. Some scientists argue that their different 

digestive systems could lead species to adopt different foraging systems (Hintz 

et al., 1978; Lewis, 1996). The ruminant digestive system allows for extraction 

of more digestible dry matter than equids from medium quality forage (defined 

by their fibre content). The equid digestive system, in contrast, allows for 

extraction of forages higher in fibre, since the digestive system has a higher 

passage rate (Hess, 2009). Those who own or work with donkeys know that 

although there is shared heritage between the donkey and horse, they are 

remarkably different in their physical traits and behaviour (Burden and 

Thiemann, 2015). The ancestors of the domestic donkey evolved as browsers as 

well as grazers and survived on lignin rich, low energy, fibrous plants, which 

they would have to range for many miles to obtain, spending 14-18 hours per 

day foraging over distances of 20-30 km per day (Smith and Pearson, 2005). 

The donkey is a hindgut fermenter and has evolved to have a steady trickle 

of fibrous plant materials moving through the gut at all times. When compared 

with horses, donkeys are highly efficient at digesting poor nutritional quality 

fibre. The donkey’s maintenance energy requirements are considerably lower 

with stated levels varying between 50-75% of that which would be required by 

a horse of the same size (Smith and Burden, 2013). Studies have shown that the 

daily appetite of the donkey for maintenance purposes is 1.3-1.8% of body 

weight in dry matter per day. Donkeys also seem able to compensate very 

accurately for the water deficit when drinking following a period of water 
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deprivation (Jerbi et al., 2014); the mechanism behind this observation is not 

completely understood, but may account for the donkey’s seemingly good body 

condition despite eating poor quality feeds. 

Little works has been done to compare the metabolism of donkeys with 

horses. As both species are hindgut fermenters they have been said to exhibit 

better glucose tolerance than foregut fermenters, such as ruminants. Donkeys 

have similar insulin sensitivity to adult horses of similar body condition score: 

this is particularly interesting when compared to adult ponies who have 

generally lower levels of insulin sensitivity when compared to both groups. 

Donkeys have higher energy requirements for maintenance per kilogram of 

body weight than ponies but expend less energy per metre travelled than ponies 

relative to their body weight (Smith and Burden, 2013). This greater locomotive 

efficiency may reflect the relatively larger proportion of “endurance” muscle 

fibers in donkey muscles; these fibers use metabolic energy more efficiently and 

fatigue more slowly than sprint muscle fibers (Burden, 2012). 

There is little published research on the microbial activity of the donkey 

gut. One study suggested that in the caecum the microbial cellulolytic activity 

is higher in donkeys than in ponies (Tisserand, 1989). Gut flora is affected by 

the diet, and horses that are adapted to a hay diet are reported to digest fibre 

more efficiently than horses that are adapted to a grain diet (Smith and Burden, 

2013). As donkeys tend to be fed on higher-fibre diet than horses, better 

microbial adaptation would be expected. 

 

 

Chewing Behaviour in Donkey 
 

Chewing activity is an important aspect of feeding behaviour in donkeys. 

All herbivorous mammals, especially those that derive energy from microbial 

fermentation of fibre, must chew their food in order prepare it for digestion. 

Chewing fragments plant cells, reduces the size of feed particles, promotes 

salivary secretion and allows wetting of feed. Ruminants chew upon initial 

ingestion (mastication) and again during rumination. Non-ruminant herbivores, 

including donkeys, have only one opportunity, during mastication, to complete 

the physical processing of feed (Mueller et al., 1998). In the semi-arid regions 

where the donkey evolved and is most commonly found today, food resources 

are often limited and of poor quality. Animals must be efficient consumers and 

processors of these limited resources in order to survive and compete with other 

species. Donkeys appear able to maintain body condition better than cattle 

during the dry season, when food is in particularly short supply. This ability to 
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conserve body reserves may be due to decreased metabolic requirements, 

increased selectivity for highly nutritious plant parts, tolerance of undesirable 

foods, or increased consumption and passage of fibrous foods. Probably some 

combination of strategies is employed. 

Several authors (Janis, 1976; Duncan et al., 1990) have proposed that the 

equids use a strategy of high intake, rapid transit and low nutrient extraction per 

unit of feed to compete with ruminants in high fibre environments. In the 

ruminant, feed particles must be reduced to a size small enough to pass out of 

the rumen, whereas equids are not similarly constrained. In order to achieve a 

high rate of intake, one feeding strategy might involve rapid chewing. The rate 

at which donkeys chew forages is shown in Table 2. The donkey differs 

somewhat from the horse because its narrow muzzle and mobile lips promote 

greater selectivity in feeding (Mueller et al., 1998). This allows it to maximize 

feed quality rather than quantity, using a selective feeding strategy, searching 

for high quality bites when foraging over a heterogeneous pasture or rangeland, 

but when provided with homogenous hay employs an alternative strategy of 

maximizing intake. 

 

Table 2. Rate of chewing in selected ungulates 

 

Species  Feed Chew rate(chews/min) 

Donkey Hay 54 

Horse Hay 72 

Dairy cow Hay 77 

Steer Hay 71 

Sheep Hay 71 

Goat Hay 87 

Source: adapted from Mueller et al., 1998. 

 

 

Donkey Dietary Requirements 
 

Feeding recommendations for donkeys and mules have, until recently, been 

extrapolated from horse nutrition. It was estimated that donkeys required 75% 

of the nutrients that would be given to a pony of the same size (Svendsen, 1997). 

These guidelines significantly overestimate the digestible energy requirements 

for maintenance (Wood et al., 2005). A reasonable assumption of voluntary 

intake for donkeys fed fibrous forages (barley straw or maize stover), 
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supplemented with hay or grazing, is about 1.3-1.7% daily of their bodyweight 

in dry matter (DM) depending upon the season, because lower value is required 

in summer (Carretero-Roque et al., 2005). For a 180 kg donkey this equates to 

2.5-3.1 kg of DM per day (see Table 3). 

Protein requirements in donkeys are significantly lower than those for 

horses (Burden, 2012). For mature healthy donkeys, protein requirements of 40 

g Crude Protein (CP) /100 kg Body Weight (BW) per day has been suggested 

(Frape, 2004). Provision of additional quality protein to donkeys recovering 

from surgery or injury may improve recovery times, as protein deficiency may 

limit tissue repair (Proudman et al., 2005). 

Recommended vitamin and mineral levels for donkeys have only recently 

been established; in the past, provision of adequate vitamins and minerals was 

achieved by allowing daily access to fresh grazing with an equine mineral lick 

or vitamin and mineral supplement or balancer (Smith and Wood, 2008). Care 

should be taken when using mineral blocks to ensure individuals do not 

experience bullying or aversion to such supplement. Owners, if concerned, are 

advised to feed a daily supplement. 

Many significant health problems of donkeys result from over provision of 

energy, i.e., obesity, metabolic or hormonal imbalances, hyperlipemia and 

laminitis (Burden et al., 2011). In all these conditions, an excess storage of 

energy as metabolically active adipose tissue can lead to inappropriate 

mobilization of lipids, insulin resistance and enzyme disorders. 

 

Table 3. Energy dietary requirements for mature donkeys 

 

Donkey Daily DM intake MJ DE/day 

180 kg donkey 

Maintenance – summer 

2.4 kg 14.4 

180 kg donkey 

Maintenance – winter 

3.1 kg 17.1 

Source: adapted by Burden, 2012. 

 

 

PRACTICAL FEEDING 
 

In temperate climates the most suitable way of providing a low energy diet 

is straw (barley or wheat). Many veterinarians and owners are reluctant to feed 
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straw to equids due to concerns relating to colic and gastric ulcers; however, 

studies carried out in a large population of donkeys showed no increased colic 

(Cox et al., 2009) or gastrc ulcer risk (Burden et al., 2009). Feeding of fit, 

healthy donkeys should focus on providing greater proportions of highly fibrous 

feedstuffs such as cereal straw (barley or wheat straw) or coarse, low energy hay 

(ideally with an energy level of less than 8 MJ/kg DM) to provide “bulk” with 

greater energy fibre sources such as grass, hay, haylage, alfalfa and beet pulp 

being fed as required according to body condition, life stage and workload 

(Burden and Thiemann, 2015). Donkeys rarely require energy rich cereal grains, 

sweet feeds, or highly molassed products; the feeding of such products is poorly 

tolerated, often wasteful and frequently associated with the development of 

health issues such as laminitis, gastrc ulceration, hyperlipemia and colic 

(Burden et al., 2009). Where cereal grains or molasses are included to increase 

the palatability or energy density of feeds, it is advised that combined starch and 

sugar levels (Non Structural Carbohydrates) do not exceed 15% and ideally 

should be ≤10%. Care should be taken with diets for growing young stock, 

pregnant jennies and geriatric donkeys with poor dentition, as these may require 

supplements or short chopped diets (Burden and Thiemann, 2015). 

Water is perhaps the most essential of all nutrients since without it 

life cannot continue for longer than a few days, or less in adverse 

conditions. Clean, fresh water should be freely available at all times; 

donkeys are renowned for their thirst tolerance, which should not be confused 

with their water requirements. Water requirements for donkeys are similar to 

that of horses and will vary considerably depending on workload, environmental 

temperature, pregnancy and lactation. 

 

 

Body Condition Scoring and Weight Estimation 
 

Keeping a regular record of donkey’s condition scores and estimated weight 

measurements can be very useful for monitoring their health and management. 

For donkeys over two years of age their weight can be estimated using the 

Donkey Sanctaury’s weight estimator (www.thedonkeysanctuary.org.uk), but 

this estimator is not accurate for miniature or mammoth donkeys. 

To measure donkey’s height, stand him/her on a hard level surface and 

measure from the ground up to the highest point of their withers. Once a donkey 

is over four years of age this measurement will only be required once and the 

same measurement can be used in future weight estimations. A height 

measuring stick is ideal. The hearth measurement can be taken using an ordinary 
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tailor’s tape measure; the tape should pass around the bottom of the donkey’s 

chest as far forward as possible as close to the front legs as possible. Both height 

and heart girth measurements can then be marked on the weight estimation chart 

(Figure 1) and the donkey’s weight read off the centre scale by drawing a line 

between the two measurements. 

 

 
Source: www.thedonkeysanctuary.org.uk. 

Figure 1. Donkey Weight Estimator.  

 

Complimentary Contributor Copy



Farm Management and Feeding Strategies for Donkey Milk Production 

 

103 

Table 4. Weight estimation for donkeys under 2 years 

 

Heart Girth (cm) Weight (kg) 

75 46 

76 47 

77 49 

78 51 

79 53 

80 55 

81 57 

82 59 

83 61 

84 63 

85 65 

86 67 

87 69 

88 71 

89 74 

90 76 

91 78 

92 81 

93 83 

94 86 

95 88 

96 91 

97 94 

98 96 

99 99 

100 102 

Source: www.thedonkeysanctuary.org.uk. 

 

For donkeys less than two years of age, height cannot be used to help 

estimate the donkey’s weight but Table 4 can be used instead. 

To determine the Body Condition Score (BCS) of a donkey can be used the 

“Body Condition Score Chart” (Figure 2). To best manage donkey’s weight, 

animals must be weighed and condition scored at least once a month 
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(www.thedonkeysanctuary.org.uk). Half scores can be assigned where donkeys 

fall between scores; aged donkeys can be hard to condition score due to lack of 

muscle bulk and tone giving thin appearance dorsally with dropped belly 

ventrally, while overall condition may be reasonable. Fat deposits may be 

unevenly distributed especially over the neck and hindquarters. Some resistant 

fat deposits may be retained in the event of weight loss and/or may calcify 

(harden). Careful assessment of all areas should be made and combined in order 

to give an overall score, according to the following parameters. 

 

Condition Score 1: Poor 

Neck thin, all bones easily felt. Neck meets shoulder abruptly, shoulder 

bones felt easily, angular. Dorsal spine prominent and easily felt, ribs can be 

seen from a distance and felt with ease. Belly tucked up. Backbone prominent 

can feel dorsal and transverse processes easily. Hip bones visible and felt easily 

(hock and pin bones). Little muscle cover, may be cavity under tail. 

 

Condition Score 2: Moderate 

Slight step where neck meets shoulders, some cover over dorsal withers, 

spinous processes felt but not prominent, ribs not visible but can be felt with 

ease. Dorsal and transverse processes felt with light pressure, poor muscle 

development either side midline, poor muscle cover on hindquarters, hipbones 

felt with ease. 

 

Condition 3: Ideal 

Good muscle development, bones felt under light cover of muscle/fat. Neck 

flows smoothly into shoulder, which is rounded. Good cover of muscle/fat over 

dorsal spinous processes, withers flow smoothly into back. Ribs just covered by 

light layer of fat/muscle, ribs can be felt with light pressure. Belly firm with 

good muscle tone and flattish outline. Cannot feel individual spinous or 

transverse processes on back and loins, muscle development either side of 

midline is good. Good muscle cover in hindquarters, hipbones rounded in 

appearance, can be felt with light pressure. 

 

Condition 4: Fat 

Neck thick, crest hard, shoulder covered in even fat layer. Withers broad, 

bones felt with form pressure. Ribs dorsally only felt with firm pressure, ventral 

ribs may be felt more easily, belly over developed. Can only feel dorsal and 

transverse processes on back and loins with firm pressure, slight crease along 

Complimentary Contributor Copy



Farm Management and Feeding Strategies for Donkey Milk Production 

 

105 

midline. Hindquarters rounded, bones felt only with firm pressure, fat deposits 

evenly placed. 

 

Condition 5: Obese 

Neck thick, crest bulging with fat and may fall to one side, shoulder rounded 

and bulging with fat. Withers broad, unable to fell bones. Large, often uneven 

fat deposits covering dorsal and possibly ventral aspect of ribs. Ribs not 

palpable, belly pendulous in depth and width. Back broad, unable to fell spinous 

or transverse processes. Deep crease along midline bulging fat either side. 

Cannot feel hipbones, fat may overhang either side of tail head, fat often uneven 

and bulging. 

 

 
Source: www.thedonkeysanctary.org.uk. 

Figure 2. Donkey Body Condition Score Chart. 
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DONKEY MILK PRODUCTION 
 

The Pan-European Strategy on Biological and Landscape Diversity has 

encouraged the institution of new protected areas of regional and of national 

parks aimed to safeguard the extensive agriculture and the sustainable rearing 

of autochthonous breeds in order to reduce the abandon of rural areas. These 

areas, which include parks, reserves and marginal areas, have an economy 

mainly based on agriculture, livestock production and forestry. Among these 

activities, livestock production in general and the raising of autochthonous 

livestock breeds in particular contributed significantly to create traditional 

agricultural landscapes supporting a greater variety of plants and wild animals. 

Therefore, to maintain and valorise this biodiversity, it is fundamental to 

preserve and/or reintroduce autochthonous breeds into these areas. This, in turn, 

may have positive implications for protecting and conserving the natural 

heritage of these areas (Cosentino et al., 2015).  

In this context, the pastoral activity and semi-extensive farming of donkey, 

if properly managed, may exert a positive influence on biodiversity. Donkeys 

are grazers as well as browsers, their teeth and lips allow them to graze close to 

the ground; thus, they can efficiently graze short vegetation. These animals are 

non-selective grazers (Izraely et al., 1989), preferring thistles, rushes and other 

coarse vegetation to more palatable grasses. Thus, donkeys are capable of 

controlling some invasive plant species and those with less appetite (Cosentino 

et al., 2012). In recent years, there has been a renewed interest towards the 

products (milk and meat) and social practices (rural tourism, onotherapy, etc.) 

that this species can offer, although donkey’s breeding is still poorly widespread 

(Vincenzetti et al., 2014a). Concerning milk production, it is well known that 

donkeys provide milk that shows the closest similarity to human milk (Polidori 

et al., 2009). Thanks to its nutritional characteristics, donkey milk has several 

applications: in paediatric sphere, in patients affected by cow’s milk protein 

allergy and intolerance, as best alternative to human milk in infant food and in 

geriatric field for the treatment of ageing diseases (Tesse et al., 2009; Polidori 

et al., 2015). According to the literature, this milk has low levels of casein 

allergens and high levels of lactose, of unsaturated fatty acids (linoleic and 

linolenic) and of lysozyme. This enzyme is practically absent in other species, 

such as cow, goat, sheep, human (Vincenzetti et al., 2008) and has important 

physiological functions like inhibition of certain microorganism growth, anti-

inflammatory and antitumor activity and increase of defence system in early 

childhood (Monti et al., 2007).  
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Another promising valorisation strategy of donkey milk is the use of this 

product in cosmetic preparations. Nowadays, the cosmetic trade is mainly 

focused towards products made with natural ingredients, and it is oriented to a 

sustainable consumption without preservatives addition. This has led many 

companies to increase the use of natural ingredients in existing preparations or 

to create new products (Cosentino et al., 2015). Because of their natural origin, 

milk components correspond in many fields to the needs of cosmetology. In 

cosmetic preparations, donkey milk is often used as basic constituent. Minerals, 

vitamins, fatty acids, bioactive enzyme and coenzyme, lactose and whey 

proteins contained in donkey milk prevent skin-ageing process, thanks to the 

hydrating and restructuring action of the dermal intercellular substance 

(Cosentino et al., 2013). It is known that these properties are principally due to 

the high lysozyme and to the antioxidant action of fatty acids contained in 

donkey milk (Polidori et al., 2009; Cosentino et al., 2012; Vincenzetti et al., 

2014b).  

 

 

FEEDING LACTATING DONKEY 
 

For most of the year donkeys are fed on crop residues and mature bush 

grasses of poor nutrient quality, each being low in N and with high fibre content 

(Pearson et al., 2001). In order to determine the quantity of nutrients donkeys 

can obtain from both poor- and good-quality forages, it is important to know 

how much they consume and how well they digest these feeds when given them 

either ad libitum or when they receive a restricted ration. Comparative studies 

(Pearson and Merritt, 1991) of the voluntary food intakes of donkeys and ponies 

fed moderate- or poor-quality roughage diets (meadow hay and barley straw 

respectively) have shown that donkeys tend to consume less DM/d. As a result, 

they have a slower rate of passage of digesta through the gastrointestinal tract 

and, as a consequence, have a higher apparent digestibility of both organic 

matter and fibre fractions than has been measured in ponies. The better apparent 

digestibility of nutrients by donkeys on forage diets compared with that of 

ponies enables them to compensate fairly successfully for their lower intakes of 

feed (Pearson et al., 2001). The donkey appears more “ruminant-like,” with 

longer retention times of feed in the tract, lower intakes and better apparent 

digestibility of nutrients. In situations where the forage supply is limited, the 

donkey would exploit the nutrients available more effectively than the pony 

could (Janis, 1976). 
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Donkeys may require dietary supplementation with hay or haylage during 

the winter or when pregnant, lactating or growing in order to supply extra 

energy. Hay or haylage for donkeys must be selected carefully as forage made 

for horses or other livestock is often too rich and may lead to dietary upset or 

laminitis. Hay or haylage should be late cut, high in fibre, low in sugar and will 

be visibly coarse. High fibre haylage may be appropriate for donkeys when late 

cut hay is not readily available as sugar levels are reduced through partial 

fermentation. Pregnant or lactating donkeys should be provided with ad libitum 

hay or haylage during the last trimester of pregnancy and the first 3 months of 

lactation. 

During lactation, donkey has a low but constant daily production (Polidori 

et al., 2009). Production level is influenced by several aspects, such as stage of 

lactation, milking technique, presence of the foal and foaling season (Salimei et 

al., 2004). In particular, during milking, the presence of foal and the stage of 

lactation influence fat and protein content. Moreover, lactose content is constant 

during lactation, being independent of breed, milking time and stage of lactation 

(Guo et al., 2007). 

 

 

NUTRIENTS REQUIREMENTS 
 

Requirements are basically determined by factorial method; for 

maintenance, requirements are determined using balance experiments and then 

appropriate nutrients conversion rates for calculation (Martin-Rosset et al., 

2006). For pregnancy, requirements are determined using weight gain and 

accretion of nutrients, estimated with the appropriate method and then nutrients 

conversion rates if these are known. 

 

 

Energy Requirements for Maintenance 
 

According to National Research Council (NRC, 2007) daily energy 

requirements for maintenance are calculated by using the following model: 

 

Digestible Energy (Mcal/d) = 1.4 + 0.03 x Body Weight (kg) 

 

Pearson et al., (2001) calculated a different energy requirement for donkeys 

receiving straw ad libitum: 

 

Digestible Energy (Mcal/d) = 0.975 + 0.021 x Body Weight (kg) 
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Protein Requirements for Maintenance 
 

According to National Research Council (NRC, 2007) daily protein 

requirements for maintenance are calculated by using the following model: 

 

Crude Protein (g/d) = 2.7 x BW0.75 

 

where BW0.75 is the Metabolic Body Weight of the donkey; Wood et al., (2005) 

indicated a recommended protein intake of 26 g proteins/100 kg BW/d, while 

Burden (2012) indicated a requirement of 40 g proteins/100 kg BW/d. 

 

 

Vitamins Requirements for Maintenance 
 

The Donkey Sanctuary (www.thedonkeysanctuary.org.uk) suggested the 

following daily vitamins requirements, normally satisfied when the donkey can 

have free access to pasture: 

 

Vitamin A (IU/kg D.M.) 2000 

Vitamin D (IU/kg D.M.) 300 

Vitamin E (IU/kg D.M.) 50 

Tiamine (mg/kg D.M.) 3 

Riboflavine (mg/kg D.M.) 2 

 

Mineral Requirements for Maintenance 
 

Mineral requirements have been studied starting from horses requirements 

(Smith and Wood, 2008); macro-elements are expressed in g/kg D.M. while 

micro-elements are expressed in mg/kg D.M. 

 

Macro-elements Micro-elements 

Calcium 3.0 Iron 40.0 

Phosphorus  2.1 Manganese 40.0 

Magnesium  1.1 Zinc 40.0 

Potassium 3.3 Selenium 0.1 

Sodium 1.0 Iodine 0.3 
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However, it is suggested to give also a vitamin/mineral supplement for 

donkeys having a limited access on pasture. 

 

 

Energy Requirements for Pregnancy 
 

Energy requirements increase only in the last 3 months of pregnancy (Smith 

and Wood, 2008), and must be evaluated in each single month: during the 9th 

month of pregnancy the energy requirements must be increased of 11%, during 

the 10th month of pregnancy energy requirements must be increased of 13%, and 

finally during the 11th month of pregnancy energy requirements must be 

increased of 20%. 

 

 

Vitamins Requirements for Pregnancy and Lactation 
 

Smith and Wood (2008) suggested the following daily vitamins 

requirements for donkeys during pregnancy and lactation: 

 

Vitamin A (IU/kg D.M.) 3000 

Vitamin D (IU/kg D.M.) 600 

Vitamin E (IU/kg D.M.) 80 

Tiamine (mg/kg D.M.) 3 

Riboflavine (mg/kg D.M.) 2 

 

 

Mineral Requirements for Pregnancy and Lactation 
 

Mineral requirements for donkeys during pregnancy and lactation have 

been studied determined by Smith and Wood (2008); macro-elements are 

expressed in g/kg D.M. while micro-elements are expressed in mg/kg D.M. 

 

Macro-elements 

(pregnancy) 

Macro-elements 

(lactation) 

Micro-elements 

Calcium  4.7 Calcium  7.4 Iron 50.0 

Phosphorus 3.6 Phosphorus 4.8 Manganese 40.0 

Magnesium 1.1 Magnesium 1.4 Zinc 40.0 

Potassium 3.8 Potassium 6.1 Selenium 0.1 

Sodium  1.0 Sodium 1.0 Iodine 0.3 
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CONCLUSION 
 

Donkey appears to be capable of coping with the adverse nutritional 

conditions as efficiently as desert ruminants, and better than other domesticated 

equids. Although fibre digestion by donkeys is equal or lower than that of other 

ruminants, donkeys are able to compensate for the reduced digestive efficiency 

of low quality diets by maintaining higher intake levels. 

Equids generally, because of higher intakes, have an advantage compared 

to ruminants when there is a plentiful supply of poor quality forage. However, 

in view of the fact the donkey seems to adopt a more “ruminant-like” nutritional 

strategy with lower intakes and higher fibre digestibility, it is perhaps 

inappropriate to consider the donkey in the same terms as the horse and pony. 

The adaptation of the donkey to consume highly fibrous diets, especially those 

high in lignin, would suggest that the microbial community is specific to these 

substrates. An important consequence of this adaptation may be that this 

community is even more sensitive to dietary change to feedstuffs high in starch.  

On cereal straw diets, it appears better to feed ad libitum, to improve feeding 

value to the donkey; on legume forages, restricting access can maximise 

digestibility of the dietary components, and prevent animals eating more than 

their requirements. 

Donkey breeding could revitalize many marginal areas of the world, helping 

the preservation of local breeds, according to low input production systems, and 

creating a short production chain, able to improve the income of local farmers. 
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ABSTRACT 
 

Cow milk is an important source of nutritious food having a high 

quality of protein, carbohydrate and micronutrients. Milk protein 

constitutes mainly of casein and a small portion of α-lactalbumin and 

lactoglobulin, four types of caseins present in the cow milk namely α-s1 

casein and α-s2 casein, ß-casein, k-casein. ß-casein (25-30%) is the second 

most abundant protein present in milk next to the α-s1 casein (39-46%). 13 

genetic variants seen in the β-casein due to different muatations of which 

A1 and A2 variants are the most common. A single nucleotide substitution 

at the position 67th of the amino acid residue with histidine (CCT) to 

proline (CCA) results in the A1 and A2 variants.Gastrointestinal digestion 

of β-casein protein leads to the production of bioactive peptidebeta-

casomorphin 7 (BCM-7), which has adverse physiological effect. Beta-

casomorphin 7 (BCM-7) products from the digestion of A1 variant ß-
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casein is four times higher than A2 variant milk. BCM-7 induces the opoid 

activity by interacting with the μ andδopoid receptors in different tissues 

and organs including respiratory tract, digestive tract and immune systems, 

it also catalyses the oxidation of Low Dietary Lipoprotein (LDL). A1 is the 

most frequent in exotic cattles whereas A1 is observed in indigenous and 

buffalo milk.  

Consumption of genetic variant A1 milk have adverse effects in 

human health includes type-1 diabetes, sudden infant death syndrome, 

coronary heart disease, arteriosclerosis, autism, schizophrenia etc.It has 

been evident that consumption ofβ-caseinA1 is associated with higher 

national mortality rates from ischaemic heart disease and consumption of 

milk containing high levels ofβ-caseinA2 have a lower incidence of 

cardiovascular disease and type 1diabetes. There is a reduced autistic and 

schizophrenic symptom with decrease in A1 milk consumption. Population 

consuming A2 variant milk have lower incidence of cardiovascular 

diseases and type-1 diabetes and also less severity of symptoms seen in 

autistic and schizophrenic. The chapter also focuses on the β-casein variant 

among different native and cross breed cattle maintain at India. 

 

Keywords: ß-casein, A1 and A2 milk 

 

 

1. INTRODUCTION 
 

Milk is a highly nutritious food produced by mammary gland of the 

mammals and it is a primary source of nutrition to young animals. It is one of 

the safest mammalian foods in the nature. Milk from dairy cattle has been 

regarded as nature’s perfect food, providing an important source of nutrients 

including high quality proteins, carbohydrates and selected micronutrients. The 

solids found in milk are fat, protein, lactose and minerals. Based on the genetic 

and archaeological evidence suggest that the domestication of cattle occurred 

from the wild aurochsen (Bosprimigenius) during 9,000 BC in southwest Asia 

[1]. Two independent domestication events occurred in the north east and in 

India resulting in rising of Bostaurus and Bosindicus[2]. This domestication lead 

to the change in agricultural practices, modification of diet, behaviour of the 

humans. During the middle of the 19th century, the procurement of milk from 

the farms to the cities was started, and the importance of the milk realized 

around the 1900’s with the arrival of pasteurization, refrigeration and storage 

techniques. India is the highest milk producer in the world 137.7 million tons 

during 2013-14 (NDDB) with per capita availability of milk is 290 gm/day 

(2011-12 NDDB). 
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Milk is a good source of energy, proteins and micronutrients mainly 

includes calcium, magnesium and phosphorous. It is a rich source of calcium 

than any other food, which reduce the risk of osteoporosis and colon cancer [3] 

and taking milk with diet may reduce weight [4]. 

Bovine milk proteins mainly contain around 80% of casein and 20% of 

whey protein [5]. Casein protein has four components, αs1, αs2, β and κ. 

Digestion of specific type of protein in milk produces opioid products which are 

problematic for human and animals too [6-8]. Their opioid problems are linked 

with Heart Disease, Mental Disorders (autism) Schizophrenia, type I diabetes 

and other autoimmune Disorders [9, 10]. The casein fraction, Β-casein is one of 

the six milk problems and is produced by CSN-2 gene. There 12 genetic Variant 

of CSN-2 cause changes of certain amino acids in the β-casein. The genetic 

variants have been classified into two groups “A1” and “A2.” These have 

different amino acids at one specific site of the gene.The animals containing A2 

β-casein are considered safe from human and animal health point of view. 

 

 

2. POPULATION GENETICS OF A1 AND A2 ALLELE 
 

A cow having homozygous genotype A1A1 and A2A2 for β-casein 

produces pure A1 milk and A2 milk respectively while an individual genotype 

which is heterozygous for this gene that is A1A2, will give the milk which 

contains a mix of the two forms of β-casein or this is an example of co-

dominance. It was reported that the A2 allele represents the original form of the 

β-casein gene [11]. Calves consuming the A1 variant milk get adversely affected 

and those calves would become more docile then compared to their siblings. 

[12] Changes in the frequency of A1 allele in the population is mainly by the 

genetic drift, if the mutation is neutral. Artificial selection may also changes the 

allele’s frequencies due to less number of bulls used for herd. If some of these 

bulls carried the A1 allele, its frequency in the population’s gene pool could 

increase relatively quickly. So both natural and artificial selection play 

important role which led to evolution: a change in allele frequency in the gene 

pool of our dairy herds [13]. 
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3. A1 Β-CASEIN AND ITS TROUBLESOME  

OPIOID DERIVATIVE 
 

Mutation is the Cause this makes the condition worsen due to A1 and A2 

milk variants. Mammals and milk go together; it is produced by all species in 

this group and apparently has been for at least 160 million years. Seven species 

of mammals including human were studied for the genes responsible for the 

milk production, it was found that they all share a lot of the same making genes 

but not all species deliver the same milk. In fact, the milk might be suited to the 

specific immune system requisite of the animals.  

Researchers from the Bovine Lactation Genome Consortium compared 

these milk and mammary genes with similar ones from a platypus, opossum, 

human, dog, mouse and rat. By analyzing these genes of different species the 

team identified that, the individual milk and milk-production genes are more 

likely to be found in all mammals, compared to other cattle genes, despite the 

wide diversity of lactation strategies. Milk-production genes also are less likely 

to be affected as new species evolved. 

Mammal’s origins go back to mammal-like reptiles called synapsids which 

occur in the fossil record about 310 million years ago. Danielle Lemay, the lead 

author on the milk genome study and a bioinformatician and nutrition scientist 

in the University of California, Davis, Department of Food Science and 

Technology said “That the most recent common ancestor of these seven 

mammals would have lived around 160 million years ago.” Therefore, it is 

expected that these milk-production genes existed in the common ancestor 160 

million years ago [14]. 

 

 

4. THE MILK GENOME 
 

Milk protein constitutes mainly of casein and a small portion of α-

lactalbumin (α-LA), β-lactoglobulin (β-LG). Milk also contains some of the 

minor proteins like bovine serum albumin, lactoferrine, gamma caseins, 

proteose peptones, immunoglobulins, lactoperoxidase, and a large number of 

other proteins occur in very low concentrations. The protein fraction varies 

between the individual animals due to post translational modifications like 

glycosylation, phosphorylation and disulfide binding, genetic polymorphism 

and the action of proteolytic enzymes on proteins [15]. As the milk play an 

important role in lives of animals and human beings Scientists were mainly 
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focused on cattle genes involved in the milk production and the lactation 

process. The animals which are able to produce more nourishing milk conserved 

their genes through the survival and reproductive success of their offspring from 

Generation to generation. The researchers mainly focus on the genes that affect 

milk traits by superimpose the existing genetic data of the 238 DNA segments 

that are associated with particular traits. 

 

 

5. SECRETING MILK AND IMMUNITY 
 

The type of protein in the milk and the proportion of various proteins vary 

depending on the breed of cow and the type of animal. The researchers reported 

that the milk proteins which are related to secreting milk in mammals’ remain 

the same across species. Whereas nutritional and immunological component 

varies depend upon the needs of an individual/ species. 

A1 β-casein is the problematic type of casein protein found in milk due to 

the result of a genetic mutation in cattle. It is believed to have occurred about 

8,000 years ago in Europe. As such, only certain breeds of cattle produce milk 

that contains A1 β-casein. 

 

 

6. Β-CASEIN PROTEIN 
 

Β-casein is a class of cow’s milk protein; beyond its nutritional value it has 

some health effects, due to the release of biologically active peptides on 

digestion [16]. Β-casein may be present as one of two major genetic variants: 

A1 and A2 [11]. A2 β-casein is recognised as the original β-casein protein 

because it existed before a mutation caused the appearance of A1 β-casein in 

European herds a few thousand years ago [6, 17]. 

The major difference between the A1 and A2 β-casein protein is a single 

nucleotide substitution at the 67th position of the amino acid residue with 

histidine (CCT) to proline (CCA) in a strand of 209 amino acids. Although this 

sounds like a minor difference, it’s actually quite significant because the bond 

between histidine and its adjacent amino acid in A1 β-casein is much weaker 

and much more easily broken than the bonding of proline in A2 β-casein. 

Human milk, goat milk, sheep milk and other species’ milk contain β-casein 

which is ‘A2 like’ as they have a proline at the equivalent position in their β-

casein chains [18-20].  
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7. Β-CASIEN AND ITS EFFECT ON HEALTH 
 

Consumption of genetic variant A1 milk have adverse effects in human 

health includes type-1 diabetes [9], sudden infant death syndrome [21], coronary 

heart disease [10], arteriosclerosis, autism, schizophrenia [22] etc.It has been 

evident that consumption of β-casein A1 is associated with higher national 

mortality rates from ischemic heart disease and consumption of milk containing 

high levels of β-casein A2 have a lower incidence of cardiovascular disease and 

type 1 diabetes. There is a reduced autistic and schizophrenic symptom with 

decrease in A1 milk consumption. Population consuming A2 variant milk have 

lower incidence of cardiovascular diseases and type-1 diabetes and also less 

severity of symptoms seen in autistic and schizophrenic condition. A2 β-casein 

has not been implicated in these conditions [23].  

Upon Gastrointestinal digestion of β-casein protein leads to the production 

of bioactive peptide of 7 amino acid called asbeta-casomorphin 7 (BCM-7), 

which have adverse physiological effect. Beta-casomorphin 7 (BCM-7) 

products from the digestion of A1 variant ß-casein is four times higher than A2 

variant milk Because of the weak bonding of histidine. BCM-7 induces the 

opoid activity by interacting with the μ and δ opoid receptors in different tissues 

and organs including respiratory tract, digestive tract and immune systems, it’s 

also act as an oxidant which damages the low density lipoproteins (LDL). It has 

increased potential to cause problems due to the bonds between the 7 amino 

acids that constitute BCM7 are very strong [24]. A1 is the most frequent in 

exotic cattles whereas A1 is observed in indigenous and buffalo milk. 

 

 

7.1. When BCM7 Enters the Blood Stream 
 

Adverse effect has been seen related to BCM 7 only when it’s absorbed 

through the stomach or intestines and into the bloodstream. Low levels of 

dipeptidyl peptidase-4 (DPP4) (enzyme which degrades BCM 7) are likely to 

be an additional risk factor for BCM7-related conditions. It may be due to 

genetic factors; alternatively they may be caused by artificial reduction through 

DPP4 inhibiting drugs.BCM 7 too large to be absorbed through a healthy 

intestinal lining however, the severity is more observed in the compromised 

digestive health conditions such as celiac disease and stomach ulcers, since 

permeability for BCM7 increases during these conditions. People suffering from 

these conditions have increased intestinal permeability which will accelerate the 
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entry BCM7 in to bloodstream. Babies are at high risk as they naturally have 

increased intestinal permeability. 

Once BCM7 enters into the blood, it can readily pass into the brain through 

blood brain barrier where it binds with opioid receptors and cause symptoms of 

autism and schizophrenia [22]. This has been proved by research that after being 

injected with BCM7 to rats, they exhibit behavioral tendencies similar to those 

of autism and schizophrenia. It has further supported by the ability to reverse 

the behavioural changes with naloxone opioid antagonist. 

 

 

7.2. A1 β-Casein and Heart Disease 
 

Epedimological evidence suggests that relationship between the 

development of ischemic heart disease (IHD) and β-casein protein [10, 25]. 

Population consuming A1 variant β-casein has more risk of developing ischemic 

heart disease (IHD). Greater incidence of ischemic heart disease (IHD) had 

reported in the western country as they consume milk from the Holstein breed 

having A1 variant β-casein protein. [10, 25]. 

A biological mechanism has been proposed after rabbits fed diets 

containing β-casein A2 have lower serum cholesterol concentrations and less 

aortic intimal thickening than rabbits fed β-casein A1. [26]. 

 

 

7.3. A1 Β-Casein and Type 1 Diabetes 
 

Previous studies on B-casein indicated the strong association of A1 β-casein 

and type 1 diabetes [27-29]. Epedimological evidence suggest that the low 

incidence of diabetes in childhood in the Maasai people of Africa even after 

having the large intake of cow milk from the early infancy [30]. Because of the 

consumption of milk from the Bosindicus, predominantly produce A2 variant 

milk [31]. It was also reported that the incidence of diabetes were seen in A1 

variant milk consuming population [9]. 

 

 

7.4. A1 Β-Casein and Mental Disorders 
 

Since BCM7 is an opioid, it has convincing evidence linking A1 β-casein 

to mental disorders such as autism and schizophrenia [22]. BCM7 can cause 

harmful effects in children with autism where DDIV function may be impaired. 
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Additionally, when there is increased permeability during digestive disorders, 

these opioids end up in the blood stream in much greater concentrations than in 

those people with healthy gut wall that does not leak. There are other opioids 

that may also be formed. However, BCM7 appears to be the strongest. 

 

 

7.5. Sudden Infant Death Syndrome (SIDS) 
 

It has been suspected that BCM7 as a risk factor for SIDS for more than 20 

years [21]. Casomorphins have been found in the brainstems of children who 

have died from SIDS [32] but comparisons with normal children are obviously 

not possible. Until recently, direct evidence of apnoea-inducing effects was only 

available from animals [33]. However, specific evidence reported by Polish 

scientists that the babies who suffer from acute life threatening events (ALTE) 

through apnoea are characterised by circulating levels of BCM7 that are three 

times higher than in normal children [34]. These same children have DPP4 

levels (the enzyme that degrades BCM7) that are only 58 ± 3% of those in 

normal children. The evidence is that even if the babies are breast-fed, bovine 

BCM7 is still found in the blood of the infants. This suggests bovine BCM7 is 

transferring from the mother’s stomach to her infant via human milk. 

 

 

8. TYPE OF ANIMALS PRODUCING A1 
 

Bos Taurus subspeciepredominatly found in the western country produce 

A1 β-casein milk. Ayrshire, Holstein, and Freisian breeds produce more than 

50% A1 β-casein, the jersey breed tends to produce about 35%, Guernsey breed 

produce about 10%. Goats produce only A2 β-casein which is an excellent 

alternative for milk and the dairy products. 

Even if the product produced from milk containing A1 β-casein, isn’t much 

of a concern because it contains very little protein. However, recent study has 

found that the simulated digestion of dairy products can produce about the same 

amount of BCM7 as regular milkthis makes them to concern more.  
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9. A1 AND A2 Β-CASEIN GENES 
 

The bovine β-casein gene is part of a cluster of 4 casein genes (alpha-S1-

casein, alpha-S2-casein, β-casein and kappa-casein) located on chromosome six 

[19]. A1 and A2 are the most common β-casein alleles (genetic variants) in dairy 

cattle although other minor alleles exist [35]. The A2 β-casein gene was 

identified as the progenitor of the β-casein gene. Cow may be a homozygous or 

heterozygous for A1 and A2 allele as it get one gene from each parent. This will 

be expressed as co-dominance, whereby one allele does not affect the other, cow 

may produce two types of β-casein in its milk. 

 

 

10. A2 Β-CASEIN 
 

A2 β-casein variant mainly seen in bovine animals, including all Western, 

African and Indian cattle (bosindicus) and water buffalo. Whereas A1 β-casein 

variant in some cows of European breeds, belong to the subspecies Bos Taurus 

[20]. 

The occurrence of the A2 and A1 β-casein allele varies between cow herds 

and also between countries. In the recent study it was reported the presence of 

99 to 100% of the A2/A2 genotype in its indigenous cow (0.987) and buffalo 

(1.00) breeds [36]. In the same study also reported an absence of the A1/A1 

genotype and nearly all animals are homozygous for the A2 β-casein allele in 

Indigenous Indian cow and buffalo breeds. In European breeds, the Holstein 

carries the A1 and A2 β-casein alleles in approximately equal distribution. 

Jersey breed has A2 allele frequency somewhat higher than this, but with 

between-herd variation. Some Jersey cows carry the β-casein allele which has 

been shown the higher release of BCM7 [37]. The Guernsey breed has an A2 β-

casein allele frequency of more than 90% [23]. Recently it has been analysed 

that Frieswal crossbred cattle (HF x Sahiwal) of Indian origin having higher 

frequency of A2 allele compare to A1 allele. 
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ABSTRACT 
 

Nitrogen (N) plays a crucial role on the yield determination when there 

are relatively adequate conditions of plant growth. Generally estimates of 

overall efficiency of applied industry N fertilizer have been reported to be 

about or lower than 50% for inputs. In this review, we present the prospects 

of enhancing N use efficiency (NUE) via increasing soil organic matter 
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(SOM) as a result of improving soil fertility. It includes the properties of 

soil fertility, an increased knowledge of the mechanisms on NUE and for 

reducing excessive loss of N fertilizers along four aspects: N cycle and 

plant uptake, soil fertility and organic matter functions, organic matter 

mineralization, and improving N use efficiency. Plant N uptake as a result 

of soil fertility is directly linked to NUE. The SOM can improve soil 

fertility along balanced plant nutrients, organic N source, improving water 

holding capacity, as well as other all soil physical, chemical and biological 

properties. These benefits are also the protection of environment from risks 

of N leaching and NOx emissions.  

 

 

1. INTRODUCTION 
 

Under relatively adequate conditions of other agricultural factors, nitrogen 

plays a key limiting factor for the yield determination. In China, the chemical 

fertilizer consumption was increased from 12.3million tons in 1980 to 55.6 

million tons in 2010, and 42.3% of it was N fertilizer, 32.3% was compound 

fertilizer (China Statistical Yearbooks Database, 2011.). By the year 2050, 

world population is expected to double from the level of 5 billion in the year of 

1987 (UN News Centre. 2013. It is reasonable to expect that the need for total 

N input for crop production will be at least double under current agricultural 

practices (Nieder and Benbi, 2008). It was that indicated that from 1960 to 1977 

(During green revolution), legumes seed production reduced dramatically from 

170,000 tons to 70,000 tons in the world (James 1987). If the gap of future N 

requirement is replaced by industrial sources, synthetic fertilizer N use will 

increase to about 160 million tons of N per year worldwide (National Research 

Council, 1994). As a common knowledge the continued use of chemical 

fertilizers has not only altered the soil pH, structure and texture but also 

distriputed the niches for soil micro-and mesofauna, which are essential for 

nutrient recycling (Muturi et al., 2011). In addition, an excessive application of 

N fertilizer, particular as chemical forms can pose a threat to the environment 

and in extreme cases to the fertility of the soil itself. Due to its low plant uptake 

level which generally is around 50% or less, there are several significant 

environmental nigative results: it affects the balance of the global N cycle, 

pollutes ground water, increases the risk of chemical spills, and increases 

atmospheric nitrous oxide (N2O), a potent “greenhouse” gas. The global budget 

for nitrous oxide appears to be out of balance, exceeding sinks by 30-40% and 

with increasing of 0.25% each year (Vitousek and Matson, 1993). Estimates of 

overall efficiency of applied fertilizer have been reported to be about or lower 
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than 50% for N (Baligar, et al., 2001). A study measured the difference between 

N uptake in fertilized and unfertilized plots in 55 producer-managed corn fields 

in the north central U.S. Recovery of N in aboveground plant biomass averaged 

only 37% of fertilizer N applied. This is a disturbingly low figure. Assuming a 

typical N harvest index (portion of above-ground N in grain) of 56%, it implies 

that as little as 21% of the fertilizer N applied is removed in the grain (Cassman 

et al., 2002). Although optimum N fertilisation is paid more and more attention, 

improvement of soil fertility as a result of increase mineral N uptake is generally 

ignored. Due to the contribution to soil fertility, it is reasonable to seek 

alternative fixed N fertilizer. Through its effect on all the physical, chemical, 

and biological properties of soils, the role of soil organic matter needs to be re-

realized and paid more and more attention in soil fertility maintenance and 

enhancement by the farmers, agronomists, and governments all over the world.  

The objective of this review is to present a way to maintain and enhance 

soil fertility by a proper combination of organic ammendment as an alternative 

N source, balance plant nutrients, and its functions for NUE.  

 

 

2. N EFFICIENCY—LOSS OR USE 
 

2.1. N-Cycle 
 

As common knowledge, naturally the origin of all kinds of N is the air N2, 

which contains 79% by volume of atmosphere. In order to understand N loss 

and use, it is important to understand the N cycle and soil N balance within agro-

ecosystems. In cultivated land, N-cycle is a system covering serials of physical, 

biological and chemical processes, including plant N uptake, N fixation, organic 

N mineralization, nitrification and denitrification, nitrite leaching and other 

losses as N2 or NOx releasing into atmosphere (Floate, 1981). 

It is regarded that the total symbiotic N is about 100-175 million tons each 

year in 1970`s worldwide, with industrial fixation 3.5 million tons, and lightning 

may fix 10 million tons, a value that probably has not changed over time 

(National Research Council, 1994). Most biological N2 fixed by kinds of soil 

microorganisms, the free-living or some associated with legumes bacteria, so 

called biological N fixation. This complex procession of biological N fixation 

started from the air N2, and then comes into organic N sinks. This natural N 

balance has been affected by the industrial N fixation since green revolution.  
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As organic matter in soil decomposes, first NH4
+, then NO2

- and finally 

NO3
- ions are formed by the process of nitrification. In soils, after the organic 

matter decayed, NH4 + is released, which is ready to be used by high plants. NH4 
+ can be converted into NO3

- by nitrifying bacteria and generally most of NH4 + 

modified into NO3 -. So there is more or may over 90% of NO3 – rather than 

NH4 + was in soil profile, available for plant uptake and alternatively as leaching 

sources. Denitrification is the route for most losses of gaseous N compounds to 

the atmosphere. (e.g., N2O, N2). Nitrate, a desirable nutrient for plants, usually 

does not accumulate in soils because it is rapidly transformed to NO3
- or is 

denitrified to gas as N2, N2O, nitric oxide (NO), or one of the other gaseous 

nitrogen oxide (NOx) compounds. The calculated total N loss from agriculture 

in the EU-27 was 13Mton N in 2008, with 53% as N2, 22% as NO3, 21% as 

NH3, 3% as N2O, and 1% as NOx (Velthof et al., 2013). Comparable with 

organic source of N, soluble N can also be added as chemical fertilizers. The 

key point is that as more mineral N content in soils than the capability of plants 

uptake will cause N leaching and increase other kind of N release into 

environment. While in 1989 the industrial fixed N increased to 80 million tons 

in response to the needs of high-yielding crops (Hardy, 1993) and increased 

constantly. 

 

 

2.2. N-Denitrification Loss 
 

Both denitrification (a reductive process) and the oxidative process of 

nitrification cause emission of N2O. The potential for denitrification is increased 

as oxygen levels decrease, as well as high mineral N content in the soil. NOx 

can be released when there is lack of oxygen in the soil and with a high 

temperature, as a result of incomplete microbiological nitrification (Laegreid et 

al., 1999). It was measured that in the conventional agricultural farm that 

emissions of N2O never exceeded 5 g N ha-1 day-1 in the control plots or more 

than 11 g N ha-1 day-1 for plots fertilized with 90 kg N ha-1 during the summer 

(Hutchinson and Mosier, 1981). Emission of N2O from the fertilized plots 

corresponded to the time of oxidation of the urea fertilizer and was attributed to 

nitrification and denitrification. Total N loss as N2O from the fertilized plots 

was less than 1 kg N ha-1 indicating that gaseous N losses were minimal during 

the growing season and after urea was applied (Hutchinson and Mosier (1981). 

In addition, about half of the liquid manure-N is volatilized as NH3 prior to or 

during manure application. Higher soil pH (beyond 8.5) and with the warm 

temperature, over 10℃, affects the magnitude of ammonia volatilization forcing 
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more NH4
+ into the gas NH3 (Sawyer and McCarty, 1978). Volatilized NH3 is 

aerially dispersed to be eventually returned to and cycled through both natural 

ecosystems and cropland (Duxbury et al., 1993).  

 

 

2.3. N-Leaching 
 

N leaching processing operates all the time is a natural phenomenon when 

there is higher soluble N in topsoil than in lower soil profile. The concept of the 

soil merely as a storage place for plant nutrients was one of the main causes of 

mistakes in N management. These mistakes can be illuminated in using 

knowledge of nitrate dynamics in soil during the growing season. The high N 

surplus in fields, farms and regions was discussed as a main factor for the 

amount of nitrate leaching to groundwater. After the growing season (normally 

4-5 months) soil soluble N reduced into a low level (Scheller and Vogtmann 

1995). This is partly related to plant uptake and partly due to N leaching. The 

rate of N leaching is due to soil soluble N content, hydraulic conductivity, and 

water content. The leaching-N in water flow in soils can be described 

mathematically with the well-known Darcy’s law that reads (Ragab, 1998): 

 

q = - K(h)*δH/δZ  (1) 

 

H = h + Z  (2) 

 

where q is the flux in m/s, K(h) is the soil hydraulic conductivity in m/s as a 

function of soil water pressure head, Z is the vertical coordinate directed positive 

upwards with its origin at soil surface, and H is the hydraulic head which is the 

sum of the gravity head (Z) and the pressure head(h).  

According to these mathematic equations, N leaching depends on total 

hydraulic head (gravity head and pressure head) and soil water conductivity. 

The results (1) and (2) were confirmed by the research work of Hagedorn et al. 

(1997), during the dry season, topsoil (0-20cm) mineral N remained constant, 

while at the beginning of the wet season, the rainfall pattern determined N 

availability. With low rainfall intensities a mineralization flush occurred, 

doubling topsoil mineral N concentration within 5 days after wetting. Then 

under heavy rains at the onset, mineral N in topsoil decreased by 50-70% within 

2 weeks. So water content plays a crucial role on mineralization and N leaching. 

The hydraulic conductivity is affected by soil texture, structure and soil organic 

matter content. Observably sandy soil N leaching was greater than clay soil. 
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Neverthless, the amount of N leaching is influenced by leachable N content, 

which is regarded as one of the key factors of N leaching. 

 

 

2.4. Plant N Uptake and N Leaching 
 

Amount of soil leachable N depends on mineral N content in soils after plant 

uptake. It includes N needs of the crop uptake and N available soil reserves at 

harvest time within 0-100cm depth of soil (Kloen and Vereijken (1997). So 

when the crop in its seedling and later period, there is more leaching risk because 

of less roots N uptake and proper NO3
- –N requirement. The agriculturally 

desired quantity of N varies by crops. The quantity of N absorbed by arable 

crops is calculated as a function of the area grown for each crop, the yield and 

the N content (coefficient) of each of the harvested crops (Maria and Claude, 

1999). In crop rotation system and cover crops farming systems, significantly 

increase N uptake by plants so as to reduce soil leachable N. Simutanuslly N 

leaching was induced by less plant uptake (Scheller and Vogtmann, 1995). The 

initiation and last stages is characterised by less root length or less N absorption 

comparably with a low N requirement, though it still needs certain soluble N 

content in root zone. So leaching is increased just before or after harvest because 

lack of crop N uptake. As an example, during autumn and winter 73kg/ha nitrate 

could be mineralized, but in spring the fields were free from nitrate. It was 

assumed that most of the nitrate was leached to deeper underneath the root zone 

during winter (Scheller and Vogtmann, 1995).  

 

 

3. PLANT N UPTAKE AND SOIL FERTILITY 
 

3.1. SOM Improving Soil Fertility 
 

The addition of organic matter helps to protect the soil from erosion, 

increases soil temperatures, and acts as a buffer against dramatic changes in 

acidity, alkalinity, salinity, as well as, enhances the nutrient buffer capacity and 

the microbial activity, all strengthening soil fertility (Scialabba and Müller-

Lindenlauf, 2010). SOM is a source of energy for both macro- and micro faunal 

organisms. Earthworms and other faunal organisms are strongly affected by the 

quantity of plant residue material returned to the soil. During the decomposing 

procession of organic tissue, soil particles are attached together as aggregates. 
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It contributes 30 to 70 percent to the cation exchange capacity, which allows the 

soil particles to hold on nutrients, and thus prevents them from leaching out. 

And as a buffer action, humus exhibits buffering over a wide pH range (Gerard, 

1965). Soil organic matter has both a direct and indirect effect on the availability 

of nutrients for plant growth.  

The overall effects of organic matter are far greater than the simple analysis 

of its constituent nutrients. It is the engine that drives all the biological processes 

in the soil (Coleman et al., 1989). Other soil fertility aspects include chemical 

and biological properties, such as soil pH, salinity, phosphorus availability, 

cation exchange capacity, nutrient cycling, and the presence of contaminants 

such as heavy metals, organic compounds, radioactive substances, etc. These 

indicators determine the presence of soil-plant-related organisms, nutrient 

availability, water for plants and other organisms, and mobility of contaminants 

(Martinez-Salgado et al., 2010), which directly affect plant N uptake and N use 

efficiency.  

As the same as soil physical and chemical properties, soil biological fertility 

also influence plant growth and N uptake. The biological aspects indicators 

include measurements of micro- and macro-organisms and their activities and 

functions. Concentration or population of earthworms, nematodes, termites, 

ants, as well as microbial biomass, fungi, actinomycetes, or lichens can be used 

as indicators (Martinez-Salgado et al., 2010). Soil biological property is based 

on the theory that soil is a living system; all kind of organisms are involved into 

the complex biological, chemical and physical processes. A living soil is 

regarded as health soil and favourable to plant growth, because of their role in 

soil development and conservation; nutrient cycling and specific soil fertility. 

 

 

3.2. Soil Physical Properties and Plant N Uptake 
 

Plant N uptake, as the key factor of reducing N leaching, is influenced by 

soil fertility, the capacity of crop productivity of the soil, due to balanced supply 

of the plant nutrients and growth media. As common knowledge, soil fertility 

includes sustainable availability and balanced forms of plant nutrients, soil 

water conservation and aeration. It covers three aspects: physical, chemical and 

biological properties. All of the physical property aspects are relayed on soil 

texture and structure, which related to the organization of the particles and 

pores, reflecting effects on root growth, plant and water infiltration. The 

physical indicators include depth, bulk density, porosity, aggregate stability, 

texture and compaction (Wienhold, et al., 2004; Martinez-Salgado et al., 2010). 
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Soil physical aspects substantially distributed soil fertility, which are as the 

same important as chemical aspects. Plant N uptake is as a direct result of soil 

fertility improvement and in turn increases N efficiency. Loss of soil structure 

can occur through slaking and dispersion, often linked to intensive cultivation, 

which causes compaction and vital loss of the pore size in soil profile. 

Aggregates the most profitable structure units of soil to offer water and air 

balance for root development, directly help to build a loose, open, granular 

condition with medium to large-sized pores (Payne, 1973). They are synthesis 

of complex organic compounds binding soil particles into structure unit. 

Application of organic materials significantly increased aggregate stability, 

infiltration rate, water retained, and decreased soil bulk density. Organic matter 

has higher water holding capacity by 20 times than clay, and water infiltration 

and root growth are promoted by lower bulk density, which tends to decrease 

with organic matter additions (Payne, 1973). As an example, the wheat grain 

and stubble yield progressively increased as the rate of the organic materials 

increased in soils. The composted bagasse, farmyard manure and wheat straw 

on improving wheat grain yield was 22, 14 and 3%, and wheat stubble yield was 

26, 17 and 4% over the control respectively (Barzegar et al., 2002). In addition, 

the effectiveness of different organic materials, farmyard manure, composted 

bagasse and wheat straw, on improving the soil physical properties was similar 

(Barzegar et al., 2002). The interactions between organic inputs and urea 

resulting in benefits from their mixed rather than sole application at four sites in 

West Africa. This benefit was generated during grain filling, which was 

characterized by drought, and it was likely caused by improved soil water 

conditions with mixed applications compared with sole applications. 

Furthermore this study found that N recovery from urea was higher in the 

combined treatments (32-44%) relative to the sole urea treatments (15-22%) 

(Vanlauwe et al., 2001). Due to its higher water capturing capacity strengthens, 

SOM helps to improve the ability of resilience to droughts and reduces the risk 

of floods, the needs for irrigation, ie. an additional adaptation and mitigation 

effect (Lotter et al., 2003; Scialabba and Müller-Lindenlauf, 2010). Organic 

inputs can alleviate constraints to crop growth other than N depletion and 

resuting the improvement of the N efficiency (Vanlauwe et al., 2001).  

 

 

3.3. Balanced Plant Nutrients and N Uptake 
 

There is another risk of N leaching when without nutrients balanced and 

other farming factors adopted. When the supply of a particular nutrient is large 
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compared to those of other nutrients, crop growth is limited by the low 

availability of the other nutrients and crop cannot make use of the whole supply 

of the particular nutrient (Janssen and Guiking, 1990). On farm produced 

leguminous green manure and strew residues as sources of SOM have been 

employed as components of cropping system with a long history in Africa, Asia, 

and Latin American. Incorporation of organic residues and manures are key 

approaches to many integrated soil management strategies (Killham K. 2011), 

including N one of the key plant nutrients in sustainable managed farming 

systems. he plant tissues of green manure content most of micro or macro plant 

nutrients, as “naturally balanced fertilizer,” including N, potassium, phosphors, 

sulphur and all micro nutrients. For legumes tissue, on average, amount of 

potassium (K) = amount of N, and amount of phosphorus (P) = 10% of N. 

Calcium (Ca), magnesium (Mg), sulphur (S) and other macro or micro plant 

nutrients are accumulated by cover crops during a growing season (Hoyt, 1987). 

These nutrients are maintained in the residues of green manure plants, later on 

they can be mineralized and available to the successive crops after incorporated 

into soil. For the rainfed rice cropping systems of northeast Thailand, annual 

applications of 1500 kg ha−1 of leaf litter from different locally grown shrubs 

for five seasons resulted in increases in rice grain yield of between 20 and 26% 

above the no-leaf litter control. Nutrient balances, determined by the difference 

between the inputs (fertilizer and added leaf litters) and outputs (grain and 

straw), indicated net positive balances of up to 457 kg N ha−1, and 60 kg P ha−1, 

after five seasons of leaf litter applications. Soil carbon (C) concentrations 

increased significantly only where higher fertilizer rate and rice stubble 

retention were combined (Anthony et al., 2003). On the other hand, the poor 

management of fertilizers and crop residues, and excessive cultivation has also 

resulted in large soil fertility losses. After five wheat and two legume/fallow 

crops, negative N balances of up to −303 kg ha−1 were calculated for the 

treatments where wheat stubble was not retained. The balance of nutrients such 

as K, which are contained in larger proportions in stubble, were found to be up 

to −362 kg ha−1 on the straw-removed treatments and up to +29 kg ha−1 on the 

straw-retained treatments (Anthony et al., 2003). Additions of fertilizersand/or 

amendments are essential for a proper nutrient supply and maximum yields. 

Plants that are efficient in absorption and utilization of nutrients greatly enhance 

the efficiency of applied fertilizers, and preventing losses of nutrients to 

ecosystems (Baligar et al., 2001). 
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4. ORGANIC NITROGEN—ALTERNATIVE N SOURCE  

OF PLANT 
 

4.1. N Availability of Organic Matter 
 

Green manure, manure and litter from animal husbandry and other 

amendment are considered as soil amendments and main mineral nutrient 

sources after mineralization. Increase SOM is the heart issue to maintain soil 

fertility and offer balanced plant nutrients. Alternatively biological N fixation is 

paid more attention, particularly because about two tons of industry fixed N is 

needed as fertilizer for crop production to equal the effects of one ton of N 

biological fixed in a legume crop (National Research Council. 1994). Most of 

the biofixed N is from legumes with their symbiotic root nodule bacteria.. 

Generally green manure can produce dry weight of 5-9 tons or more biomass 

per hectare per year, about 40% of dry matter is carbon and 2-4% is N (McGuire, 

1985; Hargrove, 1986, Sarrantonio, 1994). The ability of biological N fixation 

is different from 40-200 kg in aboveground tissue per hectare, due to species of 

legume, bacteria strain and the agricultural conditions, such as climate and soil. 

The N productivity of several main cultivated legumes were referred as from 

80kg (Berseem clover) to 190kg (subclover) per hectare per year (McGuire, 

1985; Hargrove, 1986; Sarrantonio, 1994). Frequently less than half of the 

organic N applied is transformed into inorganic forms in the first year of 

incorporation (Mengel, 1996). As an example, in Northern Idaho, pea green 

manure provided 94 kg N ha-1, and 86 kg N ha-1 in harvested seeds (Mahler and 

Auld, 1989).  

The N content in biomass as well as the benefit to the legumes is as the 

result of N excretion by the root nodule, which is a continues issue and most of 

the organic N can be available to plants after its residues composted (Hardy, 

1993). In Queensland, Australia, an annual medic green manure provided from 

10 to over 30 kg N ha-1 mineralizable N to the following wheat crop, but wheat 

yields following medic were still higher than those of continuous wheat with  

50 kg N ha-1 synthetic fertilizer (Wetson et al., 2002). An average net 

mineralization of 18 kg N ha-1 for four different green manures tested in a wheat-

based cropping system, with the highest being 38 kg N ha-1 for chickling vetch 

and black lentil (Biederbeck et al., 1996).  

Soil in situ organic matter contains most of the soil reserve of N and large 

proportions of other nutrients such as K, P and sulphur. N represents about 5% 

of the dry weight of SOM and so the content of SOM will largely determine the 
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N supplying capacity of soils (Briggs et al., 2005). SOM and total N are the 

important indexes of soil fertility (Mäder P. et al., 2002). Typical ranges for 

SOM are from as little as 1.5% (of dry soil weight) in sandy soils under arable 

cultivation, to as much as 10% in clay soils under permanent pasture. At the 

upper end of this range, this can amount to between 5 and 15 t organic N/ha in 

the top 15 cm (Briggs et al., 2005). Peat soils can have upward of 15% organic 

matter. Over 90% of the N in most soils is held in organic forms which must 

first undergo mineralisation, through the action of soil microbes, to release 

available N. 

 

 

4.2. Organic Matter Mineralization 
 

Residues will break down and release N at different rates; much will depend 

on the chemical and physical properties of the residue. A key factor is the 

carbon: nitrogen ratio (C: N ratio) of the crop or green manure residue, which 

influences the rate of decomposition and nutrient availability. The C: N ratio of 

plant tissue reflects the kind and age of a plant from which it was derived. The 

added organic materials will be available to plant uptake after degradation and 

released as mineral N.  

In another study on lower C:N ratio materials, the cumulative amounts of N 

from the legume residues mineralized recovered as mineral N in soil after 16 

weeks of incubation ranged from 21 - 60% of the initial added N contained in 

the residues in the soils. In the same report, the amount of mineral N ranged 

from 92-170 mg kg-1 in the sunhemp, lablab and mucuna treated soils, 

respectively (Odhiambo, 2010). In the case of residues about 35 to 45% of total 

N applied was mineralized in the following growth period about 20% of the total 

organic N applied was mineralized during the total growth period of winter 

wheat (Mengel, 1996).  

Non-legumes plants with a high C:N ration. The input of proteins (from 

green manure) induces a flush of N mineralization within a few weeks, the input 

of organic carbon (straw) as an assimilation (immobilization) of mineral N. 

Whatever, a rapid immobilization of soil mineral N and turnover of microbial 

biomass both occurred (Jensen, et al., 1997). After oilseed rape straw (C: N was 

80) incorporation of 0, 4 or 8 t dry mass ha−1 in late summer into a both sites of 

sandy loam and a coarse sandy soil, the soil-surface CO2 flux, used as an index 

of soil respiration, was up to 2-fold higher in the straw-amended treatments than 

in the unamended treatment at both sites during the first 6–8 weeks. The general 

temporal pattern was mainly controlled by soil temperature and soil water 
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content. In this study, microbial biomass C and N increased very rapidly after 

the straw amendments and the 31–49% difference from the unamended 

treatment persisted throughout the winter. Temporal variations in soil microbial 

biomass C and N were only within ±13–22% of the mean at both sites and in all 

straw treatments over the 1 y period. Between 52 and 80% of the initial increase 

in microbial biomass N was derived from the straw N, and with up to 27% of 

the straw N being incorporated into the microbial biomass (Jensen, et al., 1997). 

Mineralization rate constant, k, was significantly correlated to the residue N 

content, net mineralized N, C: N ratio and Lignin/N ratio (Odhiambo, 2010). 

The net mineral N release of added easily degradable organic N was varied 

among different materials, especially C: N and organic carbon qualities (Li et 

al., 2009).  

 

 

5. SOM AND YIELD  
 

Sustainable farming systems require that crop yields are stable through the 

maintenance of soil fertility and the balance of nutrients in the system. Increases 

in soil organic carbon levels require sustained periods of balanced fertilization 

and residue retention (Anthony et al., 2003). Manurial treatments and cropping 

history have remained unchanged for many years in classical and long-term 

experiments at Rothamsted and Woburn, in some cases for more than 100 years. 

The yield potential of many crops has increased and various agronomic inputs 

have become available to achieve that potential. Yields of many crops are now 

larger on soils with extra organic matter both on the sandy loam at Woburn and 

the silty clay loam at Rothamsted (Johnsto, 1986). 

Green manure increased carbon sequestration in the soil (Barthès et al., 

2004). Both the metabolization of peptides (proteins) and of organic carbon 

contribute to the buildup of living microbial biomass the first process producing, 

the latter consuming mineral N. An increasing of one ton of soil organic matter 

of degraded crop land soils may increase crop yield by 20-40 kg ha-1 for wheat, 

10-20 kg ha-1 for maize and 0.5-1 kg ha-1 for cowpea (Lal, 2004).  

 

CONCLUSION 
 

Plant N uptake is correlated to N efficiency, is directly influenced by soil 

fertility. The capacity of crop productivity of soils are improved by supply the 

balanced plant nutrients, and proper growth media. As long term aspects, some 
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of the effect of SOM on N efficiency and appears to be related to extra water 

holding capacity, some to availability of N in ways which cannot be mimicked 

by dressings of fertilizer N, and some to improved soil physical properties. 

Producivity responses of fertilizer N have been larger on soils with more organic 

matter. During the composting processing of green manure, some carbonic or 

other organic acids are formed as by production of microbial activities. These 

organic acids react with insoluble mineral rocks and phosphate precipitates, 

releasing phosphates, exchangeable nutrients and water stable aggregates. 

Improvement of SOM is in both direct and indirect ways to increasing the NUE. 

Although worldwide the long-term soil fertility enhancement is still a challenge 

under current world population and agriculture practices, improve SOM content 

is a step towards the right direction to meet the needs of NUE. 
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ABSTRACT 
 

Pollen from grass family (Poaceae) is one of the most important 

aeroallergens in the world. It is estimated that around the 10% of the 

population of the United States and the 20% of the European one suffers 

grass pollen allergy. This botanical family includes more than 12000 wind 

pollinated species, most of them annual or biannual herbs that share the 

same pollen type. Their growing and reproduction is controlled by different 

climatic parameters as photoperiod, water availability, temperature, and 

even wind. The reproductive phenology of these plants control the quantity 

and timing of pollen emission to the atmosphere, ant it is influenced by 

different factors such as type of species, land use, latitude, altitude and 

climate. At a local level grass phenology presents interannual variations 

depending on meteorological conditions of each year but climate determine 

the general features of flowering pollen emission in each area. 
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It is now widely accepted that the earth’s climate is changing and that 

changes are affecting to temperature and also to the amount and intensity 

of precipitation. Different studies all over the world have revealed 

important effects of climatic change on the plant phenology and also on the 

prevalence and severity of allergic diseases. In the present review we 

analyse the detected spatial and temporal variations on grass aeroallergens 

as well as their possible interactions with air pollution as regards allergic 

diseases. 

 

 

INTRODUCTION 
 

Pollen from grass family (Poaceae) is one of the most important 

aeroallergens in the world. It is estimated that around the 10% of the population 

of the United States and the 20% of the European one suffers grass pollen allergy 

(D’amato et al., 2007; Skoner, 2001). This botanical family includes more than 

12000 species. The botanical origin of this family is approximated at about 80-

100 million years ago (Vicentini et al. 2008; Craine et al., 2013). 

They are worldwide distributed, with important ecological and agronomical 

species such as cereals, pasture grasses, sugar cane, and bamboo. The world 

produces annually about two billion tons of cereals annual grasses whose seeds 

are traditionally used for human food or livestock feed. Since ancient times, 

cereals and cereal-based products have provided the main food basis for human 

civilization. 

Apart from the agronomical use and, as an example of their ecological 

importance, grasslands cover at least 20% of the earth’s surface, although 

grasses also grow in biomes other than grasslands. Regards their economic 

importance, the world produces annually about two billion tons of cereals, 

annual grasses whose seeds are traditionally used for human food or livestock 

feed. Since ancient times, cereals and cereal-based products have provided the 

main food basis for human civilization. 

They are overall annual or biannual herbs having hollow stems growing 

from the base, rather than the tip. In this way, leaves are more difficult to be 

eaten by herbivorous, as an evolutionary response to predation. Also, many of 

them protect themselves from predation by secreting silica crystals in their 

leaves (http://eol.org/pages/8223/details). 

Regards their reproduction cycle, all of them are wind pollinated species, 

most have dangling anthers. All the Poaceae species share the same pollen type, 

only differentiated by micrometres in some given genus as i.e., Zea spp. or 

Arundo spp. The most abundant genera causing pollinosis in North Hemisphere 
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are: Phleum spp., Dactylis spp., Lolium spp., Trisetum spp., Festuca spp., Poa 

spp., Cynodon spp. And Anthoxanthum spp. Other taxa making an important 

contribution to the pollen spectrum in Southern Europe: Holcus lanatus L., 

Trisetaria spp., Elymus repens L., Sorghum halepense (L.) Pers., Vulpia  

spp., Anlhoxanthum odoralum L., Agrostis gigantea Roth, and Piptatherum 

miliaceum (L.) Coss. (Prieto-Baena et al., 2003). 

Their growing and reproduction is controlled by different climatic 

parameters as photoperiod, water availability, temperature, and even wind. In 

general, there are two main kinds of grasses, cool-season (C3) and warm-season 

(C4) grasses, which are distinct in their means for fixing Carbon. The evolution 

of C4 fixation has arisen independently in 4 of the 12 currently recognized grass 

subfamilies; a combination of changes in paleoclimate including temperature, 

aridness, seasonality are thought to select for new origins of C4 lineages 

(Vicentini et al. 2008). 

A number of biological factors influence plant physiology and phenology, 

including pests, soil factors and age. However, the key factor affecting 

phenology is the weather prevailing during the growing season: temperature, 

photoperiod and water availability are the most influential weather-related 

parameters (White et al., 2003). 

The reproductive phenology of these plants determines the quantity and 

timing of pollen emission to the atmosphere, ant it is also influenced by different 

factors such as type of species, land use, latitude, altitude and climate. At a  

local level grass phenology presents interannual variations depending on 

meteorological conditions of each year but climate determine the general 

features of flowering pollen emission in each area. Pollen emission in 

anemophilous plants is a good bioindicator of reproductive phenology. 

Therefore the detection and continuous monitoring of airborne pollen can be 

used as a bioindicator of the phenological response of these plants (Schwartz, 

2013). 

In the case of cereal phenology, water availability exerts a major influence 

on vegetative development, and particularly on emergence, while temperature 

patterns govern the rate of phenological development (Wielgolaski, 1999; 

Oteros et al., 2015). Although some grasses do not develop inflorescences under 

favorable photoperiod conditions unless there is prior exposure to low 

temperatures (vernalization), the photoperiod remains decisive for flowering 

induction (Trevaskis et al., 2007). Carbon dioxide is also a key factor for seed 

development: Free-Air CO2 Enrichment (FACE) experiments in grasses suggest 

that elevated CO2 levels substantially increase photosynthesis, biomass, and 

yield; phenology is also slightly accelerated in most species under these 
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conditions (Jones et al., 2002; Ainsworth and Long, 2005). However, long-term 

exposure to elevated CO2 concentrations can prompt a loss of sensitivity to this 

gas (Norby et al., 1999). 

It is now widely accepted that the earth’s climate is changing and that 

changes are affecting to temperature and also to the amount and intensity of 

precipitation. Different studies all over the world have revealed important 

effects of climatic change on the plant phenology and also on the prevalence 

and severity of allergic diseases. In the present review we analyse the detected 

spatial and temporal variations on grass phenology in base to both aeroallergen 

detection and field phenology observations. Moreover, in the case of airborne 

grass pollen patterns, we analyse the possible interactions with air pollution as 

regards allergic diseases. 

 

 

GRASS POLLINOSIS 
 

Over recent decades, allergic diseases have become more prevalent in 

industrialised countries. Increased prevalence may be ascribed to a variety of 

factors, among them an increase or change in airborne pollen distribution (Frei 

1998, 2000). The Poaceae family is the most diverse and prolific herbaceous 

plant family in urban areas. Its pollen is considered a major aeroallergen, 

causing symptoms in over 80% of pollen allergy sufferers in Europe (D’Amato 

et al. 2007). Recent studies report that pollen allergies are found in 80-90% of 

childhood asthmatics and 40-50% of adult onset asthmatics (Taylor et al. 2007). 

Grass pollen has been credited with an etiological role in localised asthma 

epidemics associated with weather perturbations, particularly thunderstorms 

and rainfall (Green et al. 2004). 

Grass pollens of the temperate (Pooideae) subfamily and subtropical 

subfamilies of grasses are major aeroallergen sources worldwide. The 

subtropical Chloridoideae (e.g., Cynodon dactylon; Bermuda grass) and 

Panicoideae (e.g., Paspalum notatum; Bahia grass) species are abundant in parts 

of Africa, India, Asia, Australia and the Americas, where a large and increasing 

proportion of the world’s population abide. These grasses are phylogenetically 

and ecologically distinct from temperate grasses. With the advent of global 

warming, it is conceivable that the geographic distribution of subtropical grasses 

and the contribution of their pollen to the burden of allergic rhinitis and asthma 

will increase. It is important to take into account three main aspects of grass 

pollinosis (i) regional variation in allergic sensitivity to subtropical grass 
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pollens, (ii) molecular allergenic components of subtropical grass pollens and 

(iii) allergic responses to subtropical grass pollen allergens in relevant 

populations. Patients from subtropical regions of the world show higher allergic 

sensitivity to grass pollens of Chloridoideae and Panicoideae grasses, than to 

temperate grass pollens. The group 1 allergens are amongst the allergen 

components of subtropical grass pollens, but the group 5 allergens, by which 

temperate grass pollen extracts are standardized for allergen content, appear  

to be absent from both subfamilies of subtropical grasses. Whilst there are 

shared allergenic components and antigenic determinants, there are additional 

clinically relevant subfamily-specific differences, at T- and B-cell levels, 

between pollen allergens of subtropical and temperate grasses. Differential 

immune recognition of subtropical grass pollens is likely to impact upon the 

efficacy of allergen immunotherapy of patients who are primarily sensitized to 

subtropical grass pollens. The literature reviewed herein highlights the clinical 

need to standardize allergen preparations for both types of subtropical grass 

pollens to achieve optimal diagnosis and treatment of patients with allergic 

respiratory disease in subtropical regions of the world (Davies 2014). 

The existence of allergenic activity in the atmosphere is not only associated 

to pollen grains and fungal spores, but also to submicronic and paucimicronic 

biological particles. The origin of these allergens can be due to the rupture of 

pollen transported in the atmosphere or to the presence of allergens from other 

parts of the plant making amorphous material with an allergen load. Poaceae 

pollen is recognized as one of the main causes of allergic disease in all Europe. 

The allergenicity of grass pollen is attributed to a small number of proteins 

that are rapidly released from pollen grains after hydration in the air and 

following contact with mucous membranes. The allergens of different grass 

species share similar physicochemical and immunological features that account 

for the high incidence of allergenic crossreactivity. These similarities have 

allowed allergens to be classified into 14 groups, irrespective of the taxon of 

origin (Andersson and Lidholm 2003; Weber 2007). Group 1 allergens are 

specific to the Poaceae family, found in all species including cultivated cereals. 

Groups 2, 3, and 5 are only found in the Poideae subfamily (temperate regions). 

Group 10 allergens are present in ten species of grasses, and those in Group 6 

have only been disclosed so far in Poa pratensis, Anthoxanthum odoratum, and 

Phleum pratense. Allergens 4, 7, 11, and 12 are specific to the family but are 

found in other plants and mostly belong to panallergens such as profilins (which 

in turn are present in all eukaryotic cells). The proteins in Groups 1 (2 and 3 

related) and 5 (ex Group 9) and probably those in Groups 4 and 11 are major 

allergens (Weber 2007). 
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Different studies have tried to compare Poaceae pollen counts in the air and 

Phl p 5, one of the major allergens of this family, through the use of different a 

high-volume traps (i.e., Fernandez-Gonzalez et al. 2011). A recent study was 

done in the frame of the European project HIALINE and it compares the results 

obtained in 2009 in 4 different European countries participating in this project: 

Spain, Portugal, France and Italy. The methodology compared pollen grains 

sampled using a 7-day volumetric Hirst type spore trap with particles trapped 

with a Chemvol high-volume cascade impactor equipped with stages PM > 10 

µm, 10 µm > PM > 2.5 µm was used for detecting aeroallergens. In each stage 

polyurethane filters were use as an impacting substrate. Phl p 5 allergen was 

determined using an allergen specific ELISA. At each location both samplers 

were placed side-by-side. Most of the allergen was collected in the PM > 10 µm 

fraction. Similar profiles between airborne pollen and the total allergenic load 

was observed during the pollen season. A good correlation was obtained 

between pollen count and allergen content of the air and a value of 2.5 pg/pollen 

grain of Poaceae was estimated. Results suggest that the allergenic load in 

outdoor air might be mainly due to pollen bursts. It supports the hypothesis that 

monitoring the allergens itself in ambient air might be an improvement in 

allergen exposure assessment (Antunes et al., 2010). 

 

 

FACTORS INFLUENCING GRASS PHENOLOGY 
 

The herbaceous character of grasses gives them some peculiarities 

regarding phenological response. In contrast with arboreal species, the number 

of grass individuals growing each year can vary. Both endogenous (e.g., delayed 

density dependence) and exogenous (e.g., climate variables) factors have been 

argued as contributing to fluctuations in population numbers (Ziebarth et al. 

2010). 

The existence of fluctuations in plant populations as a consequence of 

endogenous factors has been viewed with scepticism and is thought to be mainly 

exogenously driven (Rees and Crawley 1989; Freckleton and Watkinson 2002). 

The rationale behind these arguments rests on the idea that plant populations 

employ several mechanisms to compensate for the effects of crowding and to 

stabilize population dynamics. Plant growth is highly plastic, and size thresholds 

for reproduction are practically non-existent so that most individuals reproduce 

even in high-density stands. Further, the relatively long dispersal distances 

reduce the effects of crowding and the presence of seed banks buffers 
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populations from large oscillations (Rees and Crawley 1989; Freckleton and 

Watkinson 2002). The effects of endogenous factors in determining plant 

population fluctuations have been documented in some studies (Symonides et 

al. 1986; Crone and Taylor 1996; Gonzalez-Andujar et al. 2006). 

In a recent study García de León et al. (2015) showed that internal  

self-regulating processes (negative feedback) of grasses should be included in 

phenological dynamic systems in order to give a better explanation of temporal 

patterns. Those results highlighted the importance of first-order negative 

feedback in combination with climate conditions on Poaceae vegetative 

dynamics. 

Regarding reproductive phonological behaviour, it has been observed as 

there are seasonal variation in start and flowering dates, with considerable 

differences between annual start and peak dates. The climatic factors pointed 

out as more influencing are the combinated effect effect of temperature; 

photoperiod and rainfall. Statistical modelling in base to them has prompted 

accurate predictions of the timing of the Poaceae reproductive season (García 

Mozo et al., 2009). Nevertheless process-based models must be fitted for each 

climatic area. The models explain the varying influence of climate by taking 

into account latitude, cumulative rainfall and temperature. Results showed that 

inter-site variation was attributable to latitude (photoperiod) but also to climate 

conditions, and particularly to the reciprocal relationship between the specific 

climate, vegetation and geographical make-up of each bio-geographical area. 

 

 

FLOWERING INTENSITY 
 

Grass pollen concentrations are greatly influenced by weather conditions. 

Prior to flowering, the primary factors – temperature, photoperiod and water 

availability – influence plant growth and development. During flowering, other, 

secondary weather-related factors, such as rainfall and relative humidity, 

influence pollen release (Laaidi, 2001). Several studies have highlighted the 

relationship between weather-related factors and airborne grass-pollen counts 

(Davies and Smith, 1973 and Norris-Hill, 1995). 

Trends in pollen counts analyzed in South Spain show positive slopes 

though the years, indicating an increase in grass airborne pollen in the 

atmosphere of Andalusia, overall in inland areas (García-Mozo et al., 2010). It 

was remarkable in that study that, in most cases this increase was statistically 

significant, indicating the high degree of increase of the severity of the season. 
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The high rate of increase in grass pollen counts contrasts with the diminution in 

last years of grasslands areas around the monitored sites due to the changes of 

land-use in Andalusia (Coves, 2007; García-Mozo et al., 2016). From the year 

1956 up to nowadays the extension of building surfaces in Andalusia have 

increased a percentage of 286%. The study cities have exponentially extent in 

last years and green areas both into the cities and in the surrounding areas have 

mostly substituted by building areas. The influence of tourism in costal sites and 

the migration from rural to urban areas has provoked the growing of these cities 

with the subsequent decrease of associated grasslands. Also the grassland 

category is not limited to flowering grass but it does not include cereal crops. In 

aerobiological studies the area under cereal crops is not considered to be as 

important grass pollen production area because pollen grains from cereals tends 

to be larger than that from ordinary grasses, presenting a more limited dispersal 

pattern (Emberlin et al., 1999a). All these factors lead us to remark the influence 

of environmental factors on the increase of pollen counts. A number of  

studies report that reproduction patterns in this family vary according to  

latitude, ecology and climatology (Raju and Ramaswamy, 1985; Connor, 1986; 

Emberlin et al., 1994; Sanchez-Mesa et al., 2003). Emberlin et al. (1999b) 

studied the regional variations in grass pollen seasons in UK and they indicated 

that warmer weather in early months of the year would influence net 

productivity and hence pollen production. Results obtained in South Europe 

show a stronger relationship between pollen production and rainfall of previous 

months (García-Mozo et al., 2009). This confirmed the fact that the 

development of grasses is positively influenced by water availability, especially 

in Mediterranean areas (Clary et al., 2004). This influence was stronger in inland 

sites where evapotranspiration is higher and reduces water availability in spring 

months. Camacho and Subiza (2004) pointed out the relationship of previous 

winter precipitations and temperature on grass pollen records in Madrid (Central 

Spain). 

 

 

MODELLING 
 

Although various authors have developed models for predicting grass-

pollen concentrations (e.g., Moseholm et al., 1987, Emberlin et al., 1999b; 

Sánchez-Mesa et al., 2003), few papers have addressed the development of 

models to forecast the main pollen-season dates, i.e., start-date (Clot, 1998, 

Chuine and Belmonte, 2004; Laaidi, 2001) and peak-date (Stach et al., 2008). 
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The main difficulty in developing forecasting models for this taxon is that grass 

pollen counts are an amalgam of pollen from many species, and pollen release 

dynamics prompt a large number of peaks (Férnández-González et al., 1999; 

Emberlin et al., 1999b). 

García-Mozo et al. (2009) developed two process-based models to predict 

the start-date and the peak-date of grass pollen season. These models take into 

account the effects of temperature, photoperiod and water availability on grasses 

flowering time in Spain. Apart from predicting the start and peak dates of grass 

pollen season, these models provide information on (i) the Poaceae response to 

weather-related meteorological factors, (ii) the period during which these 

factors affect grass growth, and (iii) the relationship between photoperiod, 

temperature and water availability for flowering grasses. The internal validation 

showed that the models accounted for 45% of the variance in start date and 68% 

of the variance in peak date. External validation was performed for 2006 and 

2007 at all sites: the Root Mean Square Error for the actual and predicted dates 

was around 4 days for the start date and 6 for the peak date. Analysis of the 

model estimates showed that a single model parameter set for all Spain taking 

into account different bioclimatic factors could be sufficient to account for the 

variability of Poaceae pollen season across space and time. 

 

 

THE IMPACT OF INCREASING CO2 
 

One expected effect of climate change on human health is increasing 

allergic and asthmatic symptoms through changes in pollen biology. Allergic 

diseases have a large impact on human health globally, with 10-30% of the 

population affected by allergic rhinitis and more than 300 million affected by 

asthma. Pollen from grass species, which are highly allergenic and occur 

worldwide, elicits allergic responses in 20% of the general population and 40% 

of atopic individuals. Here we examine the effects of elevated levels of two 

greenhouse gases, carbon dioxide (CO2), a growth and reproductive stimulator 

of plants, and ozone (O3), a repressor, on pollen and allergen production in 

Timothy grass (Phleum pretense L.). We conducted a fully factorial experiment 

in which plants were grown at ambient and/or elevated levels of O3 and CO2, to 

simulate present and projected levels of both gases and their potential interactive 

effects. We captured and counted pollen from flowers in each treatment and 

assayed for concentrations of the allergen protein, Phl p 5. We found that 

elevated levels of CO2 increased the amount of grass pollen produced by ∼50% 
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per flower, regardless of O3 levels. Elevated O3 significantly reduced the Phl p 

5 content of the pollen but the net effect of rising pollen numbers with elevated 

CO2 indicate increased allergen exposure under elevated levels of both 

greenhouse gases. Using quantitative estimates of increased pollen production 

and number of flowering plants per treatment, we estimated that airborne grass 

pollen concentrations will increase in the future up to ∼200%. Due to the 

widespread existence of grasses and the particular importance of P. pretense in 

eliciting allergic responses, our findings provide evidence for significant 

impacts on human health worldwide as a result of future climate change 

(Albertine 2014). 

When CO2 was in pre-industrial levels, C4 grasses expanded their range into 

large areas now classified as C3 grasslands, especially in North America and 

Eurasia. During the last glacial maximum (∼18 ka BP) when the climate was 

cooler and CO2 was about 20 Pa, it was a substantial expansion of C4 vegetation 

– particularly in Asia, despite cooler temperatures. For the future the continued 

use of fossil fuels is expected to result in double the current CO2 by sometime 

in the next century, with some associated climate warming. Under these 

conditions it is predicted a substantial reduction in the area of C4 grasses. These 

reductions from the past and into the future are based on greater stimulation  

of C3 photosynthetic efficiency by higher CO2 than inhibition by higher 

temperatures. The predictions are testable through large-scale controlled growth 

studies and analysis of stable isotopes and other data from regions where large 

changes are predicted to have occurred (Rogers et al., 2006). 

 

 

THE IMPACT OF CLIMATE CHANGE ON PHENOLOGY 
 

It is now widely accepted that the earth’s climate is changing and that 

changes are affecting to temperature and also to the amount and intensity of 

precipitation. Different studies all over the world have revealed important 

effects of climatic change on the plant phenology and also on the prevalence 

and severity of allergic diseases. In the present review we analyse the detected 

spatial and temporal variations on grass aeroallergens as well as their possible 

interactions with air pollution as regards allergic diseases. 

Regarding to phenological trends, different authors have described that 

warmer weather in the pre-season months of the year would encourage grass 

growth, with earlier maturation of vegetative and reproductive structures 

(Emberlin et al., 1994; Peñuelas et al., 2002). Our results on grass reproductive 
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phenology show a significant advance in the start date of pollen season and 

longer pollen seasons, similar to the detected trends of other herbaceous species 

in Europe (Stach et al., 2007). Nevertheless these changes for grass species, 

were always lower than those detected for woody species (Clot, 2003; Peñuelas 

et al., 2002; Menzel et al., 2006). Nevertheless in northern latitudes this fact was 

associated to longer periods of low counts at the beginning of the season before 

the onset of the main grass flowering period (Emberlin et al., 1999b). Recent 

results indicate that also Peak Dates are slightly advanced in last decades and 

pollen season length also shows slight increase trend through the years 

influenced by the earlier start dates given that end dates of the seasons remain 

quite stable through the period. 

The clinical consequences of the conjunction of the influence of climate 

change on grass phenology can be important for human health, population 

suffering grass pollinosis are exposed to longer periods of pollen exposition but 

overall to higher concentration during longer times which can have negative 

effect on the daily quality of life. Moreover the changes of the phenology of 

species producing allergenic pollen in South Spain are provoking the 

superposition of pollen seasons such us olive and grass pollen seasons, 

increasing the risk for patients sensitized to both pollen types that are a high 

percentage of the allergic population. Climate change is changing the pollen 

season phenology and severity of plants with allergenic interest but also it is 

interesting to remark the negative effects for the health could be increased due 

to the higher occurrence of heavy precipitation events and an increase of 

episodes of high urban pollution with the subsequent consequences on 

respiratory diseases (D’Amato and Cecchi, 2008; D’Amato et al., 2010; Beggs, 

2004). 
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ABSTRACT 
 

In the Philippines, the conversion of rice hull into biochar, through the 

process of carbonization, is becoming a popular practice among Filipino 

farmers particularly those practicing the Palayamanan, a diversified and 

integrated system of farming. Under the Palayamanan, biochar from rice 

hull has variety of uses – mostly as soil conditioner, as animal bedding to 

facilitate urine and manure collection in poultry and livestock, as as 

ingredient in the production of organic fertilizers, as base material for 

making microbial inoculants in composting, and many others. 

To help popularize the use of, as well as improve the process of 

making, biochar from rice hull, an improved biomass carbonization system 

was developed. It is a system that has almost smokeless emission wherein 

the generated heat is recovered for various applications in the farm. This 

paper talks about these applications and their potential to provide farmers 

opportunities for added income as a way of enhancing their resilience to 

the impacts of climate change. 
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1. INTRODUCTION 
 

Climate change is expected to reduce agricultural productivity and make 

production more erratic [1-3]. In the Philippines, one of the strategies being 

done to help farmers cope up with climate change is to diversify their sources 

of income, not only relying on the climate-sensitive rice production. Along this 

line, PhilRice is recommending and popularizing the practice of an integrated 

and diversified system of farming, locally known as Palayamanan which 

highlights the purposive integration of various farming components such as rice 

and other crops, livestock, fish, and recycling so that nothing is wasted; 

everything in the farm is a precious resource [4]. This system of farming ensures 

food availability and increases farm productivity, profitability, and economic 

stability of farm families. 

In Palayamanan, biochar (charcoal) from rice hull is higly utilized in 

various activities. Among others, it is used as animal bedding in poultry and 

livestock, suppressing foul odor while facilitating urine and manure collection. 

The excreta-saturated biochar is then applied into the soil as soil conditioner and 

as additional source of plant nutrients. Biochar is also being recognized globally 

as a simple but powerful tool to address global warming through carbon 

sequestration [5]. Thus, basing from FAO’s definition of climate smart 

agriculture, Palayamanan qualifies to be considered as an example, being  

a farming practice that sustainably increases productivity, climate change 

resilience (adaptation), and reduces/ removes greenhouse gases while 

contributing to the national goal for food self-sufficiency. 

The traditional practice of producing biochar from rice hull is accomplished 

by partial burning, just enough to char the rice hull but not to completely burn 

it into ash [6]. 

This is usually accomplished using a batch-type carbonizer made of tin cans 

and galvanized iron sheets (Figure 1). While in operation, considerable amount 

of heat is generated but unutilized. Moreover, the operators are usually exposed 

to heat and emitted smoke especially during the final stage of operation where 

the remaining rice hulls that are not yet carbonized have to be mixed with those 

that are already charred. 
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Figure 1. The traditional batch-type rice hull carbonizer. 

 

2. DEVELOPMENT OF A RH CARBONIZATION WITH HEAT 

RECOVERY SYSTEM 
 

To further popularize the use of biochar, an improved carbonization system 

was developed. It highlights the use of a machine (Figure 2), the continuous-

type rice hull (CtRH) carbonizer that operates with almost smokeless emission. 

As its name suggests, it operates in continuous mode, processing rice hull (22-

26 kg h-1) into biochar at 35-42% recovery [7]. This carbonizer was designed in 

such a way that the heat generated during the carbonization process could be 

recovered for various applications within the farm. When integrated in the 

Palayamanan, various operations that require fossil energy could be substituted 

with the heat energy it generates (Figure 3). Water boiling test results showed 

that it generates heat equivalent to as high as 49 kW with thermal efficiency 

ranging from 20-30% [8]. 
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Figure 2. The CtRH carbonizer. 

 

Figure 3. Potential uses of heat from biomass carbonization in climate smart agriculture. 
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3. SYSTEM INTEGRATION IN THE PALAYAMANAN 
 

To date, a total of seven heat recovery attachments had been developed to 

address some needs in the farm that require the sustainable use of biochar and 

heat.  Four of them are being discussed in this chapter to describe how the 

carbonization-with-heat-recovery system applies and fully integrate in a climate 

smart farming model like the Palayamanan. 

 

 

3.1. Mushroom Production 
 

Mushroom production has become a popular farming enterprise within the 

Palayamanan. One of the reasons is because it provides a lot of opportunities for 

farmers to earn income as well as maximize the use of rice straw, being a product 

of rice production. The usual practice of managing straw after harvesting paddy 

rice was to incorporate it into the soil and let it decompose. Most farmers 

practicing organic farming use rice straw in their vermiculture. Under the 

Palayamanan system of farming, rice straw is used in mushroom production 

without necessarily displacing composting and vermiculture, thus maximizing 

the use of rice straw (Figure 4). 
 

 

Figure 4. Flowchart showing the integration of CtRH carbonizer in mushroom 

production. 
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From the field, rice straws are used first in mushroom production where 

they are chopped and placed in bags together with sawdust to serve as substrate 

in the growing of the mushroom. These mushroom ‘fruiting’ bags have to be 

pasteurized before seeding the spawn. This is where heat energy is needed. In 

the conventional practice, farmers use wood as fuel to pasteurize the fruiting 

bags. In some areas, these had some environmental issues as trees have to be cut 

in order to have fuel to be used in the operation. Figure 5 shows the carbonizer 

with the mushroom pasteurizer in operation. 

 

 

Figure 5. The carbonizer-attached pasteurizer for mushroom production. 

 

3.2. Fish Drying 
 

Raising of freshwater fish like tilapia is becoming popular as a rice-based 

farming activity. The fish pond is usually constructed adjacent to the rice field 

with an area of around 10% of the rice field area [9]. In this case, the fishes are 

grown together with the rice. One week before the rice harvest, water is slowly 

drained so that the fishes have enough time to move into the pond refuge. In 

rainfed areas, farmers construct ponds to collect rainwater during rainy season 

while also raising tilapia. During the dry season, the fishes have to be harvested 

since the water is used for irrigating rice or rice-based crops. The integration of 

the carbonizer with a multi-commodity dryer attachment into the farming model 

(Figure 6) allows drying of fresh tilapia to command a better price than the fresh 

one. 
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Test runs of the dryer showed that the air temperature inside the dryer when 

loaded with tilapia reached within the range of 70-80oC (Figure 7). At this 

temperature, the drying of tilapia was hygienically accomplished by the dryer 

(Figure 8) in only six hours as against 3 days in sun drying where the fishes were 

also exposed to dust and flies. Moreover, the final product had a moisture 

content that is 45% lower than that in the sun dried fish. 

 

 

Figure 6. The carbonization system as integrated in rice-fish farming. 

 

Figure 7. Temperature profile inside the multi-commodity dryer (FD1 and FD2) as 

compared to that in sundrying (SD) and ambient temperature. 
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Figure 8. The multi-commodity dryer. 

 

3.3. Poultry Brooding 
 

Another heat recovery attachment of the CtRH carbonizer was developed 

in response to the need of a farmer for some cost-reducing technologies. 

Specifically, the farmer wanted to make use of the carbonizer in the poultry 

operations in order to accomplish two things: (a) make use of the carbonizer-

generated heat in brooding chicks, to replace the conventionally-used liquefied 

petroleum gas (LPG), and (b) production of carbonized rice hull as ingredient 

of organic fertilizer together with the chicken manure (Figure 9). The work 

involved overcoming challenges of retrofitting the CtRH carbonizer into the 

automated heating system of a modern tunnel-type poultry house (capacity of 

35,000 chickens) that has to comply with the standards set by the broiler 

integrator whom the farmer was in contract with. Details of the results of the 

study was published by Orge and Abon [10]. 
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Figure 9. The system as integrated in a poultry heating system. 

Figure 10 shows the result of the laboratory testing conducted to initially 

evaluate the performance of the CtRH carbonizer as alternative heat source for 

brooding. After loading the carbonizer with rice hull and firing it, it took less 

than 5 minutes to stabilize the temperature at the outlet port of the heat recovery 

attachment (HRA). The inlet temperature is the temperature of the ambient air 

as it enters into the HRA while the outlet temperature is the temperature of the 

heated air coming out from outlet port, ready to be introduced into the poultry 

house. The testing was done on a sunny day such that the ambient air 

temperature was a little above 30oC. At an average air flow rate of 14.6 m3min-

1 (measured at the outlet port) and an average temperature difference of 41.3oC, 

the amount of heat recovered from the carbonizer was estimated to be 638.7 

kJmin-1, equivalent to 10.6 kW. 
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Figure 10. Temperature profile at the inlet and outlet ports of the heat recovery 

attachment for poultry heating [11]. 

 

Table 1. Estimate on the annual GHG emission of the two poultry  

heating systems [13] 

 

 
 

Under actual operating conditions, it was found out that the CtRH 

carbonizer, equipped with heat recovery attachment, can substitute one existing 

LPG heater to provide the needed heat for brooding chicks, saving 5 to 6 tanks 

of LPG (50kg per tank) for every one heater replaced. Additional income is 

expected from the co-produced biochar (1,300kg) which, together with the 

chicken manure (13,300 kg), can be processed into organic fertilizer. Moreover, 

with the integration of the CtRH carbonizer in the poultry operations, 
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greenhouse gas (GHG) emission of around 23 tons CO2e per building per year 

could be prevented (Table 1). 

 

 

3.4. Water Pumping 
 

While it is still in a proof of concept stage, the CtRH carbonizer shows great 

potential in climate smart agriculture having proven that it can be used in 

pumping water [11]. The heat generated during the carbonization process is used 

to produce steam that drives a jetpump or ejector [12]. For steam pressure 

ranging from 2.8 to 7 kg cm-2, the system pumped water at an average rate of 

15.5 L min-1 while generating biochar at 9.1 kg h-1. Water discharge was affected 

by the jetpump’s nozzle size and steam pressure (Figure 11). While successful 

trials had been done to pump ground water from depths of up to 3m, there were 

some safety concerns because it makes use of pressurized steam which could be 

hazardous when done at the farmers’ level. Current efforts are being done to 

address this concern. 

 

 

Figure 11. System’s water pumping rate as affected by steam pressure and ejector’s 

nozzle size. 

 

CONCLUDING REMARKS 
 

With the advent of climate change, adjustments have to be made in 

agriculture to make farming more sustainable. In the Philippines, the farmers 

are among those heavily affected by climate change impacts thus various efforts 
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are being done to help them cope up with this phenomenon by providing them 

opportunities to diversify and generate additional sources of income. Biomass 

carbonization with heat recovery system integrated in the Palayamanan fits into 

the framework of climate smart agriculture while also providing income-

generating opportunities. The technologies presented in this paper highlights 

how the otherwise-wasted heat in the biomass carbonization process can be used 

in various ways that would help farmers diversify and increase their income and, 

as a result, enhance their resilience to climate change. 
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ABSTRACT 
 

Due to the lack of recent reviews on biocontrol of stored-grain insects 

with entomopathogenic fungi (EPF), the present article reviews the recent 

advances achieved in the subject. The relevant literature cited in this article 

indicates that many strains of EPF were used against these insects in 

unformulated form, but with a variable degree of efficacy depending on the 

virulence of the fungus strain used and the targeted insect species. 

However, very few investigators have tested certain types of formulations 

during application of EPF strains against stored-grain insects showing an 

improved efficacy, but no registration of any type of these formulations so 

far has been done. The critical discussion of the article has thus revealed 

the lack of any commercially registered EPF product for biocontrol of 

insects under storage conditions. Also, the management programs of these 

insects did not contain any application of EPF biopesticides. Therefore, the 

                                                           
 Corresponding Author address: Email: yabatta@najah.edu. 

Complimentary Contributor Copy



Yacoub A. Batta 

 

180 

present revision has critically identified the following potential areas of 

further and future research for an effective biocontrol of stored-grain 

insects with EPF: i) applying the effective formulation(s) of EPF as 

biocontrol agents of stored-grain insects, then ii) integrating the most 

effective EPF formulations, after registration, in management or in IPM 

programs of these insects. The availability of registered products of EPF is 

still facing many problems of which acceptance of the stakeholders for 

introducing these pathogens into their storage facilities is the most 

important. Such registered EPF products will constitute an appropriate 

alternative means to synthetic insecticides and fumigants commonly used 

for the control of these insects. 

 

Keywords: entomopathogenic fungi, stored-grain insects, formulated strains, 

Unformulated strains, invert emulsion, IPM, pest management, 

biopesticides 

 

 

INTRODUCTION 
 

Losses caused by insects to the different types of stored-products are 

estimated from up to 9% in developed countries to 20% or more in developing 

countries (Phillips and Throne, 2010). Insects that infest stored-grains and their 

byproducts are considered one of the most devastating groups of insects to 

stored-products around the world where they can cause a high economic damage 

to these grains ranging from 10-15 % in developing countries (Padin et al., 2002; 

Neethirajan et al., 2007).  

The control of stored-grain insects used for preventing this damage is 

usually practiced during the warm months of grain storage period where certain 

insect pests such as grain beetles (Sitophilus granarius, Sitophilus oryzae and 

Rhyzopertha dominica) feed directly on healthy grains turning them into empty 

shells (Hagstrum et al., 1994). These insects can cause great damage to the 

infested grains in form of loss in quantity and quality (Moino Jr. et al., 1998; 

Padin et al., 2002). Moreover, the control of stored-grain insects could be 

practiced by several means such as using chemical, biological and physical 

means (Arthur, 1992 and 1994; Zettler and Arthur, 2000; Vincent et al., 2003; 

Phillips and Throne, 2010). Biological control of these insects using natural 

enemies and pathogens may constitute a proper alternative to application of non-

selective insecticides and fumigants. This could be attributed to the most 

important problem caused by application of these chemicals due to grain 

contamination with chemical residues and the development of resistance by the 
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treated insects to chemicals (Zettler and Cuperus, 1990; Arthur, 1992). 

Therefore, alternative approaches to the conventional use of synthetic 

insecticides and fumigants are highly appreciated due to increasing of the 

importance of integrated management strategy relying on biocontrol possibly 

combined with some selective insecticide application. Integrated management 

system must achieve two demands: effectiveness and environmental safety. 

Biocontrol agents, natural enemies and pathogens, are considered safe to man 

health, non-pollutant to the environment and do not accumulate in the ecosystem 

(Meikle et al., 2002; Schöller, 2010; Edde, 2012). Regarding the group of 

interesting biocontrol agents that could be involved in integrated management 

strategy of stored-grain insects, we consider the entomopathogenic fungi (EPF), 

since these fungi are considered the most promising group for biocontrol of 

stored-grain insects because they are currently being developed for the control 

of many agricultural and public health insect (Roberts, 1970; Shoulkamy and 

Lucarotti, 1998; Rath, 2000; Gabarty et al., 2014), but certain adverse effects on 

wild life such as predators and parasitoids could be provoked by these fungi 

(Hajek and St. Leger, 1994). 

It is important to mention that formulation is one of the most challenging 

problems that may be faced during the application of EPF as biocontrol agents 

of stored-grain insects. This is because the efficacy of these fungi is greatly 

dependent on the presence of high humidity for conidial germination and 

subsequent sporulation especially under hot dry storage conditions. The liquid 

formulations such as oil-based liquid formulations greatly reduce the humidity 

problem and improve the efficacy of formulated strains whereas, dry 

formulations such as powdered formulations do not solve the humidity problem 

(Batta, 2016a and 2016b). 

 

 

RELEVANT LITERATURE TO THE EFFECT OF TREATMENT 

WITH FORMULATED AND UNFORMULATED STRAINS 

OF EPF ON STORED-GRAIN INSECTS 
 

Many investigators have tested the efficacy of isolated strains of EPF 

against various species of insects feeding on different stored-grains stuffs and 

their byproducts. The tested strains have shown variable degree of effectiveness 

according to the targeted insect species, virulence of tested EPF strain and the 

method of treatment or application used (Table 1). In bioassays of the literature 

cited in Table 1, the conidia of EPF were applied against stored-grain insects 
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either in a dry form after mixing them with a dry substrate such as rice grains 

(Crawford et al., 1998; Rice and Cogburn, 1999) or frequently used in an 

aqueous suspension (conidial suspension in water) against these insects (Moino 

Jr. et al., 1998; Sheeba et al., 2001; Cherry et al., 2005; Dhuyo and Ahmed, 

2007; Ahmed, 2010; Batta, 2012; Kaur et al., 2014; Kavallieratos et al., 2014). 

Some investigators have tested the effect of different concentrations of the 

fungus conidia on stored-grain insects under various environmental conditions 

or in a modified atmosphere (Lord, 2009; Sedehi et al., 2014). Although the 

majority of tested EPF isolates or strains have caused a moderate to high 

mortality percentage of adults and/or immature stages of targeted insects, there 

is a need for formulation of these strains to enhance their efficacy and to prolong 

the shelf life of their conidia. However, few investigators have tested the 

efficacy of isolated strains of EPF against certain species of stored-grain insects 

using certain types of EPF formulations (Table 2). The efficacy of tested 

formulated strains was variable according to the type of formulation used, the 

targeted insect species and the method of treatment or application used. In 

bioassays of the literature cited in Table 2, Hidalgo et al. (1998) used three types 

of formulations: dustable powder, oil suspension, and hydrogenated rapeseed 

oil pellet for formulating a strain of Beauveria bassiana and applying it against 

Sitophilus zeamais.  

Of these formulations, the oil suspension formulation containing the fungus 

strain has shown the best efficacy with the highest level of S. zeamais control. 

Other investigators used another type of formulations which is invert emulsion 

(water-in-oil type) for formulating two strains of EPF: Metarhizium anisopliae 

and Beauveria bassiana, and applied them against four species of stored-grain 

insects: Rhyzopertha dominica, Sitophilus granarius, Sitophilus oryzae and 

Tenebrio molitor (Batta, 2005, 2010, 2016a and 2016b). This type of 

formulations has shown an enhanced efficacy of formulated strains in 

comparison with the unformulated forms of these strains. Therefore, the 

formulation of these strains in invert emulsion formulation enhanced their 

efficacy against the targeted species of stored-grain insects since this 

formulation contains certain ingredients that are not toxic and can promote 

conidial germination and penetration into the insect host during application 

process. This formulation is generally consisting of the following ingredients: 

oil of plant-origin (e.g., canola oil, coconut oil, soybean oil), oil-soluble 

emulsifier (e.g., Tween 20), water-soluble emulsifier (e.g., Dehymuls K), Sterile 

or de-ionized water and glycerine. Different combinations of the above 

mentioned ingredients were tested during bioassays of the literature cited in 

Table 2. In all of these combinations, equal proportions of aqueous phase and 
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oil phase composing the emulsion were used (50: 50% w/w basis) before 

homogenizing these phases together in order to obtain the final emulsion. These 

proportions are necessary to ensure the presence of enough water for conidial 

germination during application (Batta, 2005, 2010, 2016a and 2016b).  

 

Table 1. Treatment effect with unformulated strains of EPF against 

different species of stored-grain insects 

 

Species of stored-grain 

insects* and 

entomopathogenic 

fungi** 

Method of 

treatment or 

application 

Main results Reference 

*Sitophilus oryzae, 

Rhyzopertha dominica 

and Tribolium 

castaneum.  

**Beauveria bassiana 

Fungus conidia 

mixed with wheat 

flour and rice 

grains substrates 

Adult mortality % =  

80-100 within 21 d after 

treatment on all substrates. 

Rice and 

Cogburn, 

1999 

*Callosobruchus 

maculatus. 

**Beauveria bassiana 

and Metarhizium 

anisopliae 

Using aqueous 

suspension of 

conidia for 

immersing the adult 

insects 

Indigenous isolates of  

B. bassiana were more 

effective than that of M. 

anisopliae (higher % of 

adult mortality). 

Cherry et al., 

2005 

*Sitophilus oryzae  

**Beauveria bassiana 

Subjecting adults of 

S. oryzae to 

different doses of 

B. bassiana 

conidial suspension 

At higher doses of B. 

bassiana the mortality % 

reached up to 75.8 

Sheeba et al., 

2001 

*Sitophilus zeamais  

**Metarhizium 

anisoplae, Verticillium 

lecanii and 

Paecilomyces lilacinus 

Treatment of adult 

insects with 

different 

concentrations of 

conidial suspension 

The mortality of S. 

zeamais was dependant on 

the conidial conce-ntration 

giving protection to corn 

grain against S. zeamais 

Ahmed, 

2010 

*Sitophilus oryzae 

**Beauveria bassiana, 

Metarhizium 

anisopliae, and Isaria 

fumosorosea  

Spraying conidial 

suspension of EPF 

on inner surface of 

containers or on 

food stuff or on 

adult insects. 

Adult mortality of S. 

oryzae ranged from 0 to 

100% with highest 

mortality for B. bassiana 

(up to 100% at highest 

conidial concentration). 

Kavallieratos 

et al., 2014 

*Corcyra cephalonica 

(Rice moth) 

**Beauveria bassiana 

Treatment of insect 

larvae with 

different 

concentrations of 

conidial suspension 

B. bassiana was effective 

at highest conidial 

concentration.  

Less number of adults 

emerged due to treatment 

Kaur 

et al., 2014. 

*Alphitobius diaperinus 

(The lesser mealworm)  

**Beuveria bassiana 

Larval and adult 

treatment of A. 

diaperinus with dry 

conidia of B. 

bassiana  

>90% mortality in larvae 

of A. diaperinus at the 

highest application rate 

(2.37 × 1011 conidia  

per m2) 2 wk after 

application.  

Crawford et 

al., 1998 
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Table 1. (Continued) 

 

Species of stored-grain 

insects* and 

entomopathogenic 

fungi** 

Method of treatment 

or application 

Main results Reference 

 *Prostephanus 

truncatus (The larger 

grain borer)  

**Beuveria bassiana 

Treatment of P. 

truncatus stages with 

different 

concentrations of 

conidial suspension 

The concentration of 

1.611 x 106 conidia/ml 

killed 50% of the mixed 

P. truncatus population 

(immature stages and 

adult stage). 

Dhuyo 

and 

Ahmed, 

2007 

*Sitophilus oryzae 

**Fusarium avenaceum 

Treatments with 

fungus conidial 

suspension on S. 

oryzae adults or 

grains or inner 

surfaces of 

containers. 

F. avenaceum showed 

pathogeni-city to S. 

oryzae adults. Highest % 

of adult mortality in the 

direct spraying of S. 

oryza followed by grain 

treatment. 

Batta, 

2012 

*Sitophilus oryzae, S. 

zeamais, and 

Rhyzopertha dominica  

**Beauveria bassiana 

and Metarhizium 

anisopliae  

Treatment by the 

direct inoculation of 

adults of the three 

species of insects 

with the conidial 

suspension of the 

EPF strains  

B. bassiana isolates 

produced highest 

mortalities against adults 

of the three insect 

species. R. dominica was 

most susceptible to B. 

bassiana than other spp. 

Moino Jr. 

et al., 

1998 

*Tribolium castaneum 

**Beauveria bassiana  

Treatment with B. 

bassiana alone or 

under modified 

atmosphere (reduced 

O2 concent. to 5 ± 

1% and increased 

CO2 concent. to 

40% ± 2% for the 

first 72 hours). 

Highest mortality % in 

the larvae in modified 

atmosphere then in 

fungus treatment alone. 

Using both treatments 

altogether increased the 

mortality of adults more 

than in either one of the 

two treatments.  

Lord, 

2009 

*Plodia interpunctella 

(The Indian meal moth) 

**Beauveria bassiana 

Six concentrations of 

conidial suspension 

applied against eggs 

and larvae of P. 

interpunctella  

Significant differences in 

the concentrations of the 

fungus on eggs and 

larvae at fixed conditions 

(temp. = 25 ± 2ºC and 

RH = 55 ± 5%).  

Sedehi et 

al., 2014. 
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Table 2. Treatment effect with formulated strains of EPF against different 

species of stored-grain insects using different types of formulations 

 

Species of stored-

grain insects* and 

entomopathogenic 

fungi** 

Method of treatment or 

application 

Main results Reference 

*Sitophilus zeamais 

**Beauveria 

bassiana 

Applying 3 formulations of 

B. bassiana to grain then 

mixing them to be in a direct 

contact with the adult 

insects. Formulations used 

are: dustable powder (DP), 

oil suspensions (OS) 

containing a mixture of 

mineral oil and maize oil 

and hydrogenated rapeseed 

oil pellet (HP)  

Oil suspension (OS) 

formulation was the 

best one with highest 

level of control in maize 

grains compared to 

other formulations. OS 

also preserved the 

viability of introduced 

conidia.  

Hidalgo 

et al., 

1998 

*Rhyzopertha 

dominica 

**Metarhizium 

anisopliae 

Application of M. anisopliae 

in invert emulsion 

formulation with the 

following ingredients 

(% w/w): Tween 20 

(2.50%), mixture of coco-

nut oil (19.00%) and 

soybean oil (28.50%), 

glycerin (4.00%), water-

soluble wax (0.75%), sterile 

distilled water (22.75%) and 

conidial suspension of M. 

anisopliae (22.50%). 

Application done to the 

inner surfaces of grain 

containers before 

introduction of the grains 

and adult insects.  

Treatment with formu-

lated M. anisopliae 

caused high motality % 

in treated R. dominica 

adults (93.3%) 

compared to 

unformulated M. 

anisopliae (56.7%). The 

formulated conidia 

remained viable for 

30.8 months with a 

half-life time of 4.6 

months compared to 

unformulated conidia 

(slight values). 

Batta, 

2005 

 *Tenebrio molitor 

(Yellow meal worm) 

**Beauveria 

bassiana 

Testing the efficacy of  

B. bassiana in invert 

emulsion formulation with 

the following ingredients 

(% w/w):  

Sterile de-ionized water 

(225 g/kg), Conidial 

suspension of B. bassiana 

(225 g /kg), Glycerin 

(42.5 g/kg), Water-soluble 

emulsifier (7.5 g/kg),  

Formulated B. bassiana 

caused higher mortality 

of T. molitor larvae 

compared to the 

aqueous conidial 

suspension. When 

different concentra-

tions of the formulated 

and unformulated  

B. bassiana strains were 

applied, the LC50 

Batta  

et al., 20 

10 
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Table 2. (Continued) 

 
Species of stored-

grain insects* and 

entomopathogenic 

fungi** 

Method of treatment or 

application 

Main results Reference 

 Canola oil (480 g/kg), 

Tween 20 

(20 g/kg). Application done 

by spraying 1.0 ml of 

formulated and 

unformulated strains onto 

larvae of T. molitor placed 

in Petri-dishes under room 

temperature. 

(in conidia/ml) was > 

600x lower than the 

LC50 of unformulated 

conidia. 

 

*Sitophilus 

granarius, S. oryzae 

and Rhyzopertha 

dominica 

**Beauveria 

bassiana and 

Metarhizium 

anisopliae 

Applying M. anisopliae and 

B. bassiana in invert 

emulsion formulation with 

the following ingredients 

(% w/w): a mixture of two 

oils of plant-origin (soybean 

oil: 28.50%, and coconut 

oil: 19.50%), oil-soluble 

emulsifier (Tween 20: 

2.0%), sterile distilled water 

(22.50%), conidial 

suspension of the fungus in 

water (22.5%, 

concentration:  

1×107 conidia/ml), glycerine 

(4.25%), and water-soluble 

emulsifier  

(Dehymuls k: 0.75%). 

Treatment with 

formulated fungi caused 

the highest % of adult 

mortality of insects/ 

strain of EPF compared 

to the control. 

Significant differences 

(at P < 0.05) between 

the mean % of adult 

mortality/strain of EPF 

for the formulated, 

unformulated, blank 

formulation of invert 

emulsion and the 

untreated control, so 

that the formulation of 

the above strains in 

invert emulsion 

enhanced their efficacy 

in comparison with the 

unformulated form. 

Batta, 

2016a 

 

 

DISCUSSION AND ANALYSIS OF THE LITERATURE CITED 
 

In the screening program used by Wakefield (2006) for selecting the 

effective strains of EPF, great attention was paid to the variation in susceptibility 

of the stored-grain insect species to the infection with the tested strains 

especially when these strains were intended to be used at the same concentration 

and under the same environmental conditions against several species of stored-
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grain insects. For example, the saw-toothed grain beetle (Oryzaephilus 

surinamensis) was more susceptible to B. bassiana strains than the confused 

flour beetle (Tribolium confusum) when the same conidial concentration of the 

fuugus species and the same environmental conditions were used during 

bioassays (Wakefield, 2006). 

The need for formulating EPF strains for achieving higher efficacy against 

the targeted insects on grains under storage conditions was reported by few 

researchers (Hidalgo et al., 1998; Batta, 2005, 2010, 2016a and 2016b). 

Moreover, the total number of successful and effective formulations which have 

been tested during bioassays in storage environment is very limited since they 

are mostly restricted to one type of formulations: oil-based liquid formulations 

of which invert emulsion is the new one (Hidalgo et al., 1998; Batta, 2005, 2010, 

2016a and 2016b). 

Invert emulsion is considered one of the most promising formulations of 

EPF because the emulsion of these formulations contains the necessary water 

for germination of fungal conidia during application under hot dry storage 

conditions. The required water is coming from water introduced into emulsion 

during preparation. It is usually homogenized with oil at a high speed (20,000 

rpm for 1.5 minutes using a homogenizer), thus the water droplets in the final 

emulsion are completely surrounded by the oil droplets (water in oil emulsion). 

Therefore, oil droplets prevent the water droplets from evaporation. Water in 

the conidial suspension of these fungi based on water only will evaporate and 

dry up quickly under hot dry conditions, but if this water is incorporated into the 

invert emulsion as described above, it will evaporate very slowly following 

application due to the reason that has been mentioned earlier (Batta, 2003a, 

2016a and 2016b). Early studies conducted in our laboratory on various species 

of agricultural insects existing in different environments have indicated that 

various strains of EPF (e.g., Metarhizium anisopliae, Beauveria bassiana and 

Zoophthora radicans) applied in invert emulsion formulation have shown 

higher efficacy against the following insect and mite species: tobacco whitefly 

(Bemissia tabaci), rice weevil (Sitophilus oryzae), granary weevil (Sitophilus 

granarius), lesser grain borer (Rhyzopertha dominica), almond bark beetles 

(Scolytus amygdali), Diamond backmoth (Plutella xylostella) and red 

spidermite (Tetranychus cinnabarinus) (Batta, 2003a, 2003b, 2004, 2005, 2007, 

2011, 2016a and 2016b). 

It is important to indicate that the above-mentioned formulations of invert 

emulsion have no environmental side-effects or harmful toxic effects on treated 

plants or plant products since they are mainly composed of natural substances 

that are used as food additives or in manufacturing of cosmetics. Moreover, the 
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fungal species introduced into these emulsions are easy to isolate in nature and 

easy to cultivate on culture medium, in addition to that they are cheap to 

maintain and easy to apply (Batta, 2003a and 2016a and 2016b). In addition to 

that the formulated strains used under storage conditions are not subjected to 

UV irradiations as in the open field so the harmful effect of these irradiations is 

minimal.  

It is noteworthy to mention that the other types of formulations especially 

the dry type (e.g., powdered formulations) of EPF are not often used for the 

control of stored-grain insects since these formulations should be dissolved in 

water before being applied as water suspensions. These suspensions evaporate 

quickly under hot dry conditions of grain storage (e.g., hot dry summer 

conditions), so that germination of conidia of tested strains and subsequent 

sporulation are greatly reduced hence low efficacy is produced. 

Up to our best knowledge, there were no commercial biopesticides based 

on EPF bioagents that have been registered for use against stored-grain insects 

in comparison with other insect species. For example, the EPF biopesticides are 

currently used for control of agricultural and public health insect species such 

as termites and mosquitoes (Roberts, 1970; Shoulkamy and Lucarotti, 1998; 

Rath, 2000). Therefore, it is necessary in the future to select the effective strains 

of EPF and formulate them in a proper formulation suitable for grain-storage 

environment. Also, up to our best knowledge, no integration of effective strains 

of EPF (formulated or unformulated) in the pest management programs or in 

IPM of stored-grain insects. Therefore, future research should be directed 

towards possibility of integrating these bioagents in the programs of IPM or pest 

management of these insects by incorporation of the registered EPF 

biopesticides in the control programs of these insects especially when the 

population is existing in low levels. For example, Cox et al. (2004) suggested 

the use of effective EPF strains in empty grain stores to control storage pests. 

Overall, the present article indicates that the efficacy of using formulated 

forms of EPF against the stored-grain insects was improved in comparison with 

the unformulated form of these fungi. The article also indicates the lack of 

registered commercial formulations of EPF for the use in the stored grains 

facilities. Therefore, one of the most potential areas of further and future 

research that has been identified in this article is to integrate the most effective 

formulations of EPF, after its registration, in pest management programs of 

these insects. Such registered products will constitute an appropriate alternative 

means to synthetic insecticides commonly used for the control of stored-grain 

insects.  
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