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Abstract 
Grass and legume forage crops are important as dairy cattle feed in Denmark and generally grown 

in mixed swards with perennial ryegrass, timothy and different fescues as well as white and red 

clover as the most dominating species. Growing and harvesting of green forages requires a number 

of different machines to carry out the sequence of events occurring from initial crop establishment 

to mowing, harvesting and transporting the crop several times per year over multiple years. Many of 

these processes can have direct or indirect effects on the loss of dry matter, ensiling quality, silage 

density, nutritional quality and on energy use. It is thus important to view the effect of implemented 

changes throughout the production chain as a benefit or a loss may be counteracted elsewhere.  

Green forages are mechanically treated several times during events including swathing, raking and 

chopping. In this review, special attention has been given to maceration, which is an additional 

treatment that, although not used in practice, can be added during swathing, chopping or as a 

separate machine after swathing. Maceration fractures the green forage and may influence silage 

quality through direct or indirect effects on fermentation characteristics. Maceration during 

swathing affects grasses and legumes in a dissimilar manner as the adhesion between leaf and stem 

of legumes is weaker, which increases the risk of leaf loss in legumes. Furthermore, legumes 

generally have a greater buffering capacity, which slows down the decline in pH during ensiling, 

and thus underlines the requirement for a proper dry matter content at the onset of ensiling. Finally, 

additional treatments inevitably induces extra costs related to an increased energy use and risk of 

leaf loss, for which reason benefits including harvesting security and improved digestibility have to 

be achieved to counterbalance the cost. 

Sammendrag 
Græsser og bælgplanter er vigtige grønne grovfoderafgrøder i Danmark, og de dyrkes som regel i 

blandinger med almindelig rajgræs, timote og forskellige svingler samt rød- og hvidkløver som de 

mest dominerende arter. Dyrkning og høst af grønne grovfoderafgrøder kræver forskellige maskiner 

til at udføre en række markbehandlinger fra afgrødens etablering til skårlægning, høst og 

hjemtransport flere gange om året. Flere af markbehandlingerne kan direkte eller indirekte påvirke 

tørstoftabet, ensileringskvaliteten, ensilagedensiteten, ernæringskvaliteten og energiforbruget. Det 

er derfor vigtigt at vurdere den potentielle effekt af en implementeret ændring over hele 

produktionskæden, fordi en gevinst eller et tab kan modvirkes andre steder i kæden. 

Grønne grovfoderafgrøder bliver mekanisk behandlet flere gange i forbindelse med 

markbehandlinger så som skårlægning, sammenrivning og snitning. Nærværende rapport fokuserer 

på macerering som en yderligere behandling, der kan indføjes i forbindelse med skårlægning, 

snitning eller som en separat behandling efter skårlægning. Macerering anvendes ikke i praksis. 

Macerering opriver grovfoderet og kan påvirke ensilagekvaliteten gennem direkte eller indirekte 

effekter på fermenteringsprocessen. Macerering i forbindelse med skårlægning påvirker græsser og 

bælgplanter på forskellig vis, fordi fæstningen mellem blad og stængler er svagere hos bælgplanter, 

hvilket øger risikoen for bladtab. Endvidere har bælgplanter generelt en højere bufferkapacitet, 

hvilket forsinker ensileringens reduktion af pH, og det øger kravet til korrekt tørstofprocent ved 

høst. Endeligt medfører ekstra behandlinger altid øgede omkostninger knyttet til blandt andet et 

øget energiforbrug og en øget risiko for bladtab, hvorfor fordele så som høstsikkerhed og forbedret 

fordøjelig skal opnås for at opveje omkostningerne.   
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Introduction 
Danish farmers produced feed amounting to a total of 2.9E9 kg dry matter (DM) annually between 

2006 and 2015 from rotationally grown mixtures of grasses, clovers and herbs (Statistics Denmark, 

n.d.) on an average of 317,500 ha. In fact, this area is almost twice as large as the area grown with 

fodder maize. The majority of the harvested grasses and clovers is stored as (grass-clover) silage in 

clamp / bunker silos and consumed by high-yielding dairy cows, for which reason it has to be of 

very high quality in terms of digestibility, nutritional content, palatability and other parameters. 

These mixtures are typically either sown directly or under-sown with a cover crop and harvested 

four to six times per year for the following three to four years. 

Feed accounted for 50 % of total costs and 85 % of variable costs of producing milk in Denmark 

during 2012-2015 (Seges, 2016) where around 60 % of total feed consumed by a dairy cow was 

forage (Seges, 2015). As the average cost of production for grass-clover silage is 23.69 € per GJ net 

energy for lactation (NEL) (Seges, 2015), this silage thus represents a large investment for the 

farmer. It also represents a large physical volume and with an average stored density of 1.49 GJ 

NEL per m3 (Seges, 2015), this amounts to around 12.5E6 m3. Furthermore, growing these mixtures 

requires energy for establishment of the crop as well as for mowing, raking, chopping, transporting 

and compaction of the feed in the clamp silo, and, in total, this amounts to an average of 81 L diesel 

per ha (Mogensen et al., 2017). Average yield is 57.59 GJ NEL per ha, and thus 0.71 GJ NEL are 

being produced for every L of diesel. This totals to 48.5 KJ per produced MJ NEL (Mogensen et al., 

2017) when energy use includes other components such as fertilizer, seed and irrigation.  

Grass-clover silage thus represents an important feed for Danish dairy farms in terms of feed supply 

and quality, physical volume, cost and energy use. Many of these are affected by not only the 

choice of grass and clover varieties but also by the silage-making process from cutting through 

chopping and storing of the final feed. The silage-making process involves a number of steps and a 

range of different machines, and these machines are continuously being improved and up-scaled by 

manufacturers; likely, in an attempt to have the most attractive product on the market. Some of the 

more recent developments include GPS-technology and in-line measurement of nutritional content 

of the harvested feed.  

Furthermore, changes in the structure of the dairy sector and price relations are likely co-drivers of 

these technological innovations. In Denmark, average herd size and average energy-corrected milk 

(ECM) yield (Sjaunja et al., 1991) has increased by 385 and 50 %, respectively, between 1990 and 

2015 (Statistics Denmark, n.d.). At the same time, the milk price is more or less unchanged whereas 

wheat and concentrate mix prices have increased 118 and 180 %, respectively by 2013 compared 

with the average since 2000 (Statistics Denmark, n.d.). Thus, these ever-evolving technologies are 

applied by a continuously changing dairy sector to handle an important feedstuff in an environment 

where price fluctuations require farmers to constantly focus either on minimising costs or on 

maximising outcome per cost. 

The majority of these technologies are involved at some point during the process of harvesting and 

storing the crop as silage. Steps within this process includes cutting, tedding, raking, picking up, 

chopping, compacting and sealing the crop, and each step may have a profound effect on the quality 

of the resulting silage. 
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Objective with review 

The objective with this study was to review the available literature and investigate how different 

types of mechanical treatments during the process of producing silage from a grass-clover crop may 

affect losses, ensiling quality, silage density, nutritional quality and energy use in a setting where 

the resulting silage should be used as feed for high-yielding dairy cows. 

Methodological considerations 

Mechanical treatment of forages to produce silages for cattle has a clear and direct application in 

and for practice, which means that technological advancement and the adoption of new technologies 

by farmers can and may outpace the publication of new scientific research. The present review cites 

references published up to more than 30 years ago, and some cited reviews include even older 

information. A 20-year old study may be the newest available, but its results should be carefully 

considered because changes in practice may have outpaced it; especially, if a specific technology is 

tested.  

Furthermore, mechanical treatment of forages to produce silages for cattle touches several scientific 

fields including agricultural engineering, plant production and cattle nutrition. Much information 

has been published over the years in various conference proceedings of which not all are indexed in 

traditional search engines such as Web of Science. Hence, literature cited in the present review have 

been retrieved through both Web of Science and Google Scholar as well as through back-tracing 

cited references.  
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1 Production of high-quality grass-clover silage 
The nutritional demand of the high-yielding dairy cow, storage stability and value for money are 

three key factors when producing grass-clover silage. From crop establishment to end use at the 

feed alley, the grass-clover production chain includes a series of steps, and the aim of this chapter is 

to describe this process with emphasis on the harvesting phase as well as the requirements for a 

high quality silage.  

1.1 From field to feed alley 

In a Danish context, Figure 1.1 illustrates the steps that may be included during the production 

chain of grass-clover silage, and it can be argued that each step may exert a degree of an impact on 

the final silage. However, the focus of this review is the mechanical treatment or processing of the 

crop that occurs during the harvesting and storing phase with particular emphasis on cutting and 

chopping. Cutting, mowing or swathing is generally done with either a sickle bar, a flail harvester, a 

drum mower or a disc mower (See section 1.2) where the latter is the most commonly used in 

Denmark. Some farmers may choose to further process the crop with either a conditioner or a 

macerator. For chopping, Danish farmers generally use either a precision chopper or a standard 

chopper (See section 1.2) where the actual chopping may be followed by a further processing with a 

macerator. However, macerators have mostly been applied in scientific experiments (discussed 

later) and to our knowledge, it is not commonly used in practice.  

Furthermore, the swathed crop is also physically handled during tedding and raking, which may 

cause a loss of DM due to the grass becoming more brittle (McGechan, 1989). In addition, the 

choice of mixer wagon and its number of knives may affect the grass-clover silage, but it is beyond 

the scope of this review to address these effects.  

1.2 Equipment used for mechanical treatment of forage 

The harvesting and storing phase of producing silage from grass-clover requires a range of different 

equipment including mowers, tedders, rakes, choppers, wagons and tractors. Table 1.1 lists common 

equipment used in Denmark during cutting, chopping and processing steps of silage-making and 

briefly describes their general working principles. There are no statistics available on the preferred 

equipment by Danish farmers, but the majority of grass-clover fields are likely swathed with a disc 

mower of which around half are equipped with a conditioner. In 2015, 56 % of brand new mowers 

sold were equipped with conditioners (Lyngvig, 2016). Furthermore, the majority of harvested 

grass-clover crop is likely chopped with a self-propelled precision harvester, and it may be related 

 
 

Figure 1.1. Example of steps involved during the process of establishing, maintaining, harvesting, storing 
and feeding out of a grass-clover crop. Some steps are repeated multiple times per year and every year 
during the lifetime of the crop. 
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with the tradition that many farmers hire contractors to carry out fieldwork that requires expensive 

or high-capacity machines. Reference is made to Shinners (2003) for a detailed description of the 

different mechanical component of the equipment used for harvesting forages for silage.  

1.3 High-quality silage from grasses and clovers 

There are no official guidelines in Denmark for the optimal grass-clover silage for dairy cows, and 

target values are generally achieved as an agreement between the farmer and the advisor. These 

target values may be based on factors such as herd milk production level, crop species composition, 

time of the year and feeding strategy including other available feedstuffs. Every year, many farmers 

sample their silages to have nutrient composition analysed, and Table 1.2 shows the averages of 

selected nutrient composition parameters for first-fourth cut grass-clover silage from 2016 as well 

as the difference between the 10 % lowest and highest values.  

Table 1.2 shows some trends across the harvesting season, but it also shows that there is a large 

variation for each cut, which likely reflect both the choices made by farmers including variety and 

fertilization and weather related effects. Organic matter digestibility (OMD) and energy 

concentration varies around 5-8 % from the mean whereas neutral detergent fibre (NDF) 

digestibility (NDFD) varies 8-14 % from the mean across the four cuts. If a high digestibility and 

Table 1.1. Common equipment used to mechanically treat or process a grass-clover crop during silage-
making. Processing equipment may be mounted on both mowers and choppers or propelled separately. 

Step Equipment Description of function 

Cutting Sickle bar Two sickles consisting of triangular knives reciprocates in 
alternating directions between two stationary bars. It may also be 
one sickle reciprocating between two stationary finger-like bars. 
This mower may also be termed a finger-bar mower. 

 Flail harvester A horizontal rotating cylinder on which a number of axe-like heads 
are mounted that with speed slashes the crop off.  

 Disc mower A number of discs, each equipped with two-three knives, are 
mounted on a horizontal bar and rotates with high speed to evenly 
cut the crop off.  

 Drum mower Works similarly to a disc mower except the knives are mounted at 
the bottom of two vertical cylindrical drums. These drums rotate 
with high speed to evenly cut the crop off. 

Chopping Precision chopper A horizontal flywheel with a large number of knives mounted 
parallel with the cylinder rotates at high speed to chop and blow 
the chopped forage through a chute and into an adjacent wagon. 
Precision choppers may be either self-propelled or pulled by a 
tractor. 

 Chopper A horizontal drum cutter-head mounted with perpendicular pairs of 
fingers pulls the forage in while slicing it with fixed knives that fit 
between the fingers. These choppers are typically used with either 
balers or forage wagons. 

Processing Conditioner A conditioner crimps the forage by breaking up the stem with 
either a tine or a roller. A tine conditioner uses a horizontal 
cylinder mounted with pairs of perpendicular v-shaped fingers to 
propel the forage across a conditioning plate. A roller conditioner 
uses two rubber cylinders with an intermeshing pattern and 
processes the forage between the two rollers. 

 Macerator A macerator uses multiple horizontal rolls to break and crush the 
forage by processing it between the rolls. Multiple macerator 
configurations exist with no or large differences in roller size and 
with or without perforation teeth. 
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energy concentration is the goal, then a high quality grass-clover silage appear to have OMD > 75 

%, NDFD >75 % and an energy concentration of >6 MJ net energy for lactation per kg DM. Several 

chapters of the book “Silage science and technology” by Buxton et al. (2003) covers different 

biological aspects of silage making and the resulting quality. 

1.4 Characteristics of grasses and legumes grown in Denmark 

The national Danish advisory services issue recommendations to farmers on what species seed 

mixtures should contain when growing grass-clover crops for silage under a range of conditions 

(Nielsen, 2014). Table 1.3 lists common grasses and legumes used in these mixtures where different 

cultivars of common ryegrass accounts for the majority of seeds in mixtures designated for silage. 

Particularly among organic dairy farmers, many have started to mix their seed mixtures with a 

number of different herds including common chicory (Cichorium intybus), narrowleaf plantain 

(Plantago lanceolata), caraway (Carum carvi), salad burnet (Sanguisorba minor), common sainfoin 

(Onobrychis viciifolia) and yarrow (Achillea millefolium).  

Two of the more popular seed mixtures used by Danish farmers are tested regularly by the national 

advisory services. The so-called mixture 35 (86 % perennial ryegrass and 14 % white clover on a 

seed weight basis) and mixture 45 (37 % common ryegrass, 45 % festulolum, 7 % white clover and 

11 % red clover on a seed weight basis) are mostly grown on fields that are not being used for 

grazing and thus only harvested to produce silage (Nielsen and Frandsen, 2015). Table 1.4 shows 

average composition and yield of first and second year after establishment for four- and five-cut 

strategies that were all fertilized with 220 kg N per ha per year. Mixture 35 generally yields the 

highest digestibility and energy concentration whereas mixture 45 generally produces both the 

highest DM and crude protein (CP) yields.  

In broad terms, the family of grasses (Poaceae or Graminea) are characterised by hollow 

cylindrical stems with leaves attached at nodes whereas the family of legumes (Fabaceae or 

Table 1.2. Average nutrient content1 of Danish conventional grass-clover silages produced in 2016. Values 
in parenthesis show the difference between the average of the 10 % lowest and highest values. 

 First cut Second cut Third cut Fourth cut 

Samples, n 1,274 871 476 104 

DM, g / kg 348 (251 - 462) 329 (225 - 444) 348 (232 - 474) 340 (229 - 455) 

Ash, g / kg DM 86 (71 - 101) 94 (80 - 110) 105 (91 - 120) 111 (95 - 124) 

OMD2, % 76.3 (72.4 - 80) 74.1 (68.8 - 78.5) 74.7 (70.5 - 78.4) 75.6 (71.3 - 79.8) 

CP, g / kg DM 144 (119 - 171) 153 (124 - 183) 169 (140 - 198) 179 (151 - 208) 

NDF, g / kg DM 440 (384 - 492) 437 (388 - 485) 407 (371 - 442) 398 (357 - 432) 

NDFD, % of NDF 70.9 (65.3 - 76.4) 66.8 (58.9 - 74) 66.3 (58.6 - 73.5) 67.8 (58.1 - 75.3) 

Sugar, g / kg DM 60 (11 - 112) 38 (10 - 81) 37 (10 - 84) 33 (10 - 73) 

AAT, g / kg DM 76 (70 - 82) 72 (65 - 79) 72 (65 - 79) 72 (66 - 80) 

PBV,g / kg DM 21 (-5 - 49) 36 (8 - 65) 50 (22 - 80) 59 (31 - 87) 

NEL, MJ / kg DM 6.02 (5.59 - 6.42) 5.79 (5.3 - 6.25) 5.81 (5.39 - 6.17) 5.87 (5.44 - 6.25) 
1DM: dry matter; OMD: organic matter digestibility; CP: crude protein; NDF: neutral detergent fibre; NDFD: 
NDF digestibility; AAT: amino acids absorbable in the intestines; PBV: protein balance in the rumen; NEL: 
net energy for lactation. Calculated according to the Scandinavian NorFor system (Volden, 2011). 
2Based on an in vitro method (Volden, 2011). 
Compiled by the Danish advisory services and based on samples taken on private dairy farms (Thøgersen 
and Kjeldsen, 2016a; b; c; d). 
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Leguminosae) include trees, shrubs and herbaceous plants. The fibre component of both grasses and 

legumes are important sources of nutrients for ruminants, and Buxton and Redfearn (1997) notes, in 

a review, that more of this fibre is located in the stem compared with leaves, and that rumen 

retention time for leaves is shorter than stems but with faster fibre digestion.  

 

Furthermore, maturation increases the overall fibre proportion of a plant, and digestibility declines 

more in stems than leaves as the plant matures. Finally, Buxton and Redfearn (1997) gives general 

characteristics of grasses and legumes, and note that the difference in digestibility of leaves and 

stem is less for grasses, that grasses contain more fibre overall and has a greater fibre digestibility 

Table 1.3. Common grasses and legumes that could be included in Danish seed mixtures1 for growing 
grass-clover crops. 

Common name Latin name Type 

Perennial ryegrass Lolium perenne Grass 
Timothy Phleum pratense Grass 
Meadow fescue Festuca pratensis Grass 
Red fescue Festuca rubra Grass 
Festulolium (variety group of crosses) Festulolium (Festuca x Lolium) Grass 
Tall fescue Festuca arundinacea Grass 
Common meadow grass Poa pratensis Grass 
White clover Trifolium repens Legume 
Red clover Trifolium pratense Legume 
Lucerne / alfalfa Medicago sativa Legume 
1Recommendations by national Danish advisory services (Nielsen, 2014). 

Table 1.4. Average composition1 and yield during first and second after establishment for two common 
seed mixtures2 used by farmers to produce grass-clover silage3.  

Mixture 35 
 

Mixture 45 

Cuts per year 4 5 
 

4 5 

Clover 
     

White clover, % 16 26 
 

10 14 

Red clover, % 4 0 
 

34 19 

Nutrient composition 
     

OMD, % 78.5 80.1 
 

74.1 77.7 

CP, g / kg DM 117 153 
 

153 157 

Sugar, g / kg DM 192 157 
 

144 146 

NDF, g / kg DM 437 403 
 

416 394 

NDFD, % 72.4 75.0 
 

61.7 68.6 

NEL, MJ / kg DM 6.26 6.36 
 

5.82 6.12 

Yield 
     

CP, kg / ha 1,440 1,780 
 

2,070 2,210 

DM, kg / ha 12,270 11,650 
 

14,440 14,040 

NEL, MJ / ha 75,786 73,557 
 

83,885 85,668 

1OMD: organic matter digestibility; CP: crude protein; DM: dry matter; NDF: neutral detergent fibre; NDFD: 
NDF digestibility; NEL: net energy for lactation calculated according to Volden (2011).  
2Mixture 35 contained 86 % common ryegrass and 14 % white clover, and mixture 45 contained  37 % 
common ryegrass, 45 % festulolium, 7 % white clover and 11 % red clover. Both were fertilized with 220 kg 
N per ha per year.  
3Data from Nielsen and Frandsen (2015). 
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because the fibre of legumes is generally more lignified. However, the difference in digestibility 

between leaf and stem of legumes is less for red clover compared with lucerne and white clover 

(Søegaard and Weisbjerg, 2007). With that, Buxton and Redfearn (1997) conclude that the 

digestibility of legume fibre is 40-50 % and the digestibility of grass fibre is 60-70% (See section 

5).  

2 Mechanical treatment effects on DM losses 
Dry matter losses occur throughout the process of making silage; both in the field and during 

storage. Storage losses occur because of the fermentation process, air infiltration and the production 

of effluent, and it typically totals around 20 % (Rees, 1982; McGechan, 1990). These two 

references are to our knowledge the latest major reviews available, and a recent German study 

found a storage loss of 8 % for grass silage (Koehler et al., 2013). Kristensen (2015) lists a typical 

DM loss range of 5-10 % during storage and feeding out in Denmark, and these examples of lower 

levels DM losses may be the result of advances in both technology and practices during the past 25-

35 years. Dry hay generally has a very low storage loss (McGechan, 1990).  

Mechanical treatment of crops mainly occur in the field where losses are more complicated to 

quantify, and there are disagreements in literature on the levels of losses as well as how they should 

be measured (McGechan, 1989). Depending on weather conditions and the level of mechanical 

treatment, aggregated field losses should be less than aggregated storage losses, but the possible 

reduction in losses because of technological advancement has likely changed this.  

McGechan (1989) considered three types of DM losses occurring in the field when reviewing the 

available literature: plant respiration, leaching due to rain and mechanical losses. Reducing field 

drying or wilting time reduces losses due to plant respiration (Rees, 1982; McGechan, 1989), and 

the main objective with mechanically processing the crop in the field with a conditioner or a 

macerator as well as with tedding, is to minimize drying time. However, mechanically handling the 

crop in the field generally causes a DM loss, and thus there is a compromise between the benefit of 

reduced drying time and the loss resulting from handling the crop. However, the national Danish 

advisory services (Seges, Skejby, Denmark) has developed and implemented a prognosis of 

required field wilting time of a grass crop. It is possible that such a tool allow farmers to better time 

their field operations and that way reduce the mechanical treatment loss, or it may even remove the 

necessity of mechanical treatment.  

Studies (Table 2.1) carried out since the review of McGechan (1989) show mower caused DM 

losses ranging from 0.2 to 8.4 % depending on crop and maturity as well as the use of different 

conditioners and macerators. The smallest losses were found when no conditioning or maceration 

was applied, and there is a general positive relationship between the severity of the mechanical 

treatment and the size of the loss (Rees, 1982; McGechan, 1989; Rotz, 1995). Similar associations 

apply for increasing DM proportion during wilting and advancing maturity. Rotz (1995) argue that 

the use of a mower with a conditioner increases loss with one percentage point compared to not 

using a conditioner, which appear to be supported for grasses in Table 2.1. 

However, losses also occur during tedding, raking, picking up and baling or chopping forage (Rees, 

1982; McGechan, 1989; Rotz, 1995) where one tedding may cause a loss of 1-3 % of DM (Rotz, 

1995). Throughout the literature, mechanical factors such as the setting of the machine and likely 
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also human factors such as the actual operation of the machine appear to influence the level of the 

loss and thus complicate its quantification (Muck and Shinners, 2001).  

Table 2.1. Dry matter (DM) loss in % when crops are mechanically treated in the field. All crops were cut 
with a disc mower. 

Ref.1 Crop Development Treatment Loss, % of DM 

a) Lucerne 2nd cut Steel roll conditioner 5.9 
   Rubber & steel roll conditioner 5.7 
   Tire cord conditioner 5.4 
   Moulded rubber conditioner 5.2 
   Cut & conditioned 24 July 4.2 
   Cut & conditioned 26 July 5.1 
   Cut & conditioned 31 July 5.2 

b) Timothy June Rubber roll conditioner 1.7 
   8-roll macerator with standard pickup 2.3 
   8-roll macerator with draper pickup 1.8 
 Lucerne  Rubber roll conditioner 3.5 
   8-roll macerator with standard pickup 7.2 
   8-roll macerator with draper pickup 8.4 

c) Orchard grass June Conditioner with steel impellers 3.1 
   8-roll macerator 3.6 

d) Lucerne August Conditioning with steel impellers 7.5 
   3-roll macerator + compression 5.8 
   3-roll macerator + deposition 5.8 
   3-roll macerator + ejection 6.8 

e) Italian ryegrass 1st cut, early Disc mower with no conditioning 0.2 
   Rubber rolls conditioner 1.2 
   Steel flails conditioner 1.4 
   Plastic flails conditioner 1.2 
  1st cut, late Disc mower with no conditioning 0.3 
   Rubber rolls conditioner 0.5 
   Steel flails conditioner 0.9 
   Plastic flails conditioner 0.9 
  2nd cut, late Disc mower with no conditioning 0.5 
   Rubber rolls conditioner 1.8 
   Steel flails conditioner 1.5 
   Plastic flails conditioner 1.4 

f) Lucerne 1st & 3rd Conditioner with steel Y-impellers 6.3 
   Conditioner with steel U-impellers 7.6 
   Conditioner with plastic U-impellers 6.3 
   Conditioner with intermeshing rolls 4.7 

g) Timothy Early No treatment 4.0 
   Maceration (3 rolls) 1 h after mowing 5.3 
   Maceration (3 rolls) 6 h after mowing 4.2 
  Late No treatment 4.5 
   Maceration (3 rolls) 1 h after mowing 4.5 
   Maceration (3 rolls) 6 h after mowing 3.7 
 Red clover Early No treatment 5.5 
   Maceration (3 rolls) 1 h after mowing 6.7 
   Maceration (3 rolls) 6 h after mowing 5.4 
  Late No treatment 4.1 
   Maceration (3 rolls) 1 h after mowing 4.4 
   Maceration (3 rolls) 6 h after mowing 4.2 

1References: a) Shinners et al. (1991); b) Savoie et al. (1993); c) Savoie et al. (1996); d) Savoie et al. 
(1997); e) Borreani et al. (1999); f) Greenlees et al. (2000); g) Descôteaux and Savoie (2002). 
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Table 2.2 is modified from Rotz and Muck (1994), and it shows that a total of 25 % of DM may be 

lost due to respiration, mowing, raking, chopping and storage of a grass crop silage. However, it 

lists the losses caused by mowing to range between 1-2 % of DM, and Table 2.1 shows that this 

range may have to be increased to 1 to 6-8 % of DM depending on the severity of conditioning or 

maceration. Finally, Rotz and Muck (1994) lists an average storage DM loss of 10-16 % (Table 

2.2), which, as noted earlier, likely is lower today. 

Table 1.1 and Table 1.2 show that legumes generally have a higher DM loss compared with grasses, 

which was also seen by Johansen et al. (2016) when comparing ryegrass and festulolium with grass-

clover, although tall fescue did show the greatest loss. Furthermore, Koehler et al. (2013) showed 

that storage loss was greater for lucerne silage compared with grass silage.  

More importantly, Table 2.2 shows that mowing and raking of the crop in the field tends to cause a 

greater loss for legumes compared with grasses. This is supported by the review of Rotz (1995), 

who attribute the greater handling losses in legume crops to more delicate attachments between 

stem and leaf. Two studies made direct comparison between DM loss in a legume and timothy 

caused by mechanical handling. Descôteaux and Savoie (2002) showed that DM loss were 2-38 % 

greater for red clover at the early maturity stage whereas DM loss was either less, the same or 

greater for red clover at the late maturity stage depending on the time between swathing and 

treatment. Savoie et al. (1993) found a 2-5-fold greater DM loss for lucerne compared with timothy 

(See also Table 2.1). 

3 Mechanical treatment effects on ensiling quality 
Lactic acid fermentation of forages under anaerobic conditions is also known as ensiling. This 

process begins after compaction and sealing of the harvested forage with depletion of the remaining 

oxygen through enzymatic activity. This creates the anaerobic condition that facilitates the growth 

of lactic acid bacteria (LAB). The resulting acidification and thus reduction in pH inhibits both 

growth of undesirable bacteria and growth of LAB when a stable pH is reached (Dunière et al., 

2013). A good ensiling quality is, therefore, characterized by a rapid depletion of remaining oxygen 

Table 2.2. A generalisation of the typical level and range of dry matter 
(DM) loss in % of DM caused by different sources during harvest and 
conservation of grass and legume crops. 

  

  Grass Legumes 

Type of loss  Range Typical Range Typical 

Respiration1  2-8 5 1-7 4 
Rain damage2, 5 mm  1-3 2 3-7 5 
Rain damage2, 25 mm  4-14 8 7-27 17 
Mowing and conditioning  1-2 1 1-4 2 
Tedding  1-3 1 2-8 3 
Raking  1-20 5 1-20 5 
Baling (round bale)  3-9 6 3-9 5 
Chopping  1-8 3 1-8 3 
Hay storage (inside)  3-9 5 3-9 5 
Silo storage (bunker)  10-16 12 10-16 12 
1Respriation includes plant and microbial respiration for crop cured 
without rain damage. 
2Rain damage includes leaf loss, nutrient leaching and microbial 
respiration resulting from rain damage. 
Modified from Rotz and Muck (1994: p. 858). 
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followed by a rapid decrease in pH until a stable condition is reached, which then allows the silage 

to be stored for a prolonged period of time. 

Three factors are, therefore, pertinent for the quality of the ensiling process: oxygen removal, pH 

reduction and available bacteria or bacteria species richness. The latter is generally associated with 

soil contamination, which may lead to growth of undesirable bacteria. Oxygen removal or the 

establishment of anaerobiosis is related to degree of compaction and thus also smaller particle 

length (Dunière et al., 2013; Wilkinson and Davies, 2013), whereas pH reduction is affected by 

buffering capacity, which again is associated with moisture content of the forage being fermented. 

The buffering capacity of a crop is, therefore, the ability of a crop to counteract or slow down a 

reduction in pH during ensiling. The buffering capacity of legumes is higher than grasses, and it is 

higher for less mature crops whilst a high moisture content delay the reduction in pH with a 

resulting prolonged fermentation period (Weisbjerg et al., 2012). 

Conditioning and maceration of forage increase drying rate (e.g. Savoie et al., 1997; Borreani et al., 

1999; Descôteaux and Savoie, 2002) of forage during field wilting and leads to a faster decline in 

pH (Savoie, 2001; Savoie and Shinners, 2009). Maceration has led to a higher final pH compared 

with conditioning of orchard grass (Charmley et al., 1999), although it also changed the 

composition of acids in the silage, and mechanical treatment with a packing rotor after chopping has 

led to a faster decline in pH (Sundberg and Pauly, 2005). 

Focus of the majority of studies have, however, not been the effect of mechanical treatment on 

decline in pH but on the effect on drying rate, which can be argued to reflect the ability to achieve a 

satisfactory DM content and hence a low buffering capacity of the harvested forage. Drying rate is 

greater when forage is macerated compared with conditioned (Savoie et al., 1996; Descôteaux and 

Savoie, 2002), and this drying rate can be increased if the macerated forage is formed into a mat 

(Savoie et al., 1997). However, a slower compared with a faster mat formation appear to lead to the 

highest drying rates (Savoie et al., 1993), which may have implications for capacity, although the 

drying rates were in all cases greater than observed with conventional conditioning (control). 

Furthermore, the type and speed of impellers used to condition forage at mowing influence drying 

rates (Borreani et al., 1999; Greenlees et al., 2000). Borreani et al. (1999) found in two out of three 

trials that lucerne generally had a greater drying rate than Italian ryegrass, and that more mature 

grass dried faster than less mature grass whereas maturity did not seem affect drying rate for 

lucerne. 

4 Mechanical treatment effects on silage density 
The degree of compaction and hence silage density is an important factor for ensiling quality 

(Dunière et al., 2013; Wilkinson and Davies, 2013). Silage density is negatively related with DM 

losses during ensiling and storage. Furthermore, it is negatively associated with thickness of the 

layers laid in the stack, chopping length and DM content as well as positively associated with the 

total height of the stack, packing time and tractor weight (McGechan, 1990; Muck and Holmes, 

2000; Weinberg and Ashbell, 2003). However, chopping length and DM content are not linearly 

related with ensiling quality (Dunière et al., 2013); thus, indicating the existence of an optimum 

chopping length and DM content, although this likely varies across crop species and storage types. 

Also, silage density increases from top to bottom and from side to centre (Savoie and D’Amours, 

2008), and, finally, silage conservation characteristics are lesser impacted by chopping length and 
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density than field wilting and air filtration (McEniry et al., 2007). Maximum silage density, 

therefore, serves two purposes; first to ensure an adequate ensiling quality and second, to minimize 

required storage capacity.  

Silage density in relation to an isolated effect of mechanical treatment through conditioning or 

maceration has not been investigated in many studies, and focus has mainly been on lucerne. In 

fact, only one study (Savoie et al., 1996) appear to have made a direct comparison of conditioning 

and maceration where conditioning compared with maceration resulted in 4.3 % greater DM density 

of harvested round bales (136.8 vs. 131.1 kg DM / m3). Shinners et al. (1988a) did a laboratory 

compaction study of lucerne and showed that DM density was 185.2 kg DM / m3 when chopping 

length was short and 169.6 kg DM / m3 when chopping length was long. In contrast, maceration 

resulted in 207.5 kg DM / m3 whereas combining chopping and maceration resulted in 225.6 kg 

DM / m3. Likewise, Agbossamey et al. (1998) did a laboratory test of the effect of degree of 

maceration on DM density by varying both the number of passes through a macerator and the force 

exerted on the forage. They found that DM density increased as the number of passes and the force 

exerted increased for both timothy and lucerne. The first pass through the macerator had a greater 

impact on timothy whereas the fifth pass through had equal impacts on both forages compared with 

no treatment.  

Many of the previously mentioned studies note that decreasing chopping length increases DM 

density. In contrast, Charmley and Firth (2004) showed no difference in DM density between 

chopping or not chopping timothy when making round-bale silage, although this may be masked by 

differences in DM content between treatments. Similarly, Pakkala and Marley (2015) showed that 

chopping timothy with a precision chopper led to equal DM density as chopping with a loader 

wagon when silage was stored in a drive-over pile. However, they found that precision chopping led 

to a greater DM density when silage was stored in a bunker silo. Thus, these examples illustrate that 

many factors need to be considered when evaluating the effect of mechanical treatment on the 

resulting DM density.  

5 Mechanical treatment effects on nutritional quality of silage 
Rotz and Muck (1994) generalised the change in nutrient composition of grass and legume crops 

during the silage-making process (Table 5.1 – see also Table 2.2). For both types of crops, NDF 

concentration either increases or is maintained during the various steps throughout the process 

whereas total digestible nutrients (TDN) is either maintained or reduced during the various steps. 

According to Rotz and Muck (1994), both chopping and baling results in a loss of DM (Table 2.2) 

whereas they argue that no change in nutrients occur when the crop is chopped rather than baled. 

This would require that the loss of DM occurring during chopping is uniformly distributed across 

the different parts of the crop, and it is likely that this may not be so, although factors such as DM 

content could be important.  

A later review by Savoie (2001) showed an increased fibre content  as a result of maceration of 

lucerne and timothy, which is in line with trend in Table 5.1 where mechanically handling a crop 

generally increases fibre content. Savoie et al. (1996) confirmed that there were no or minimal 

change in CP content. In addition, precision chopping has been shown to increase NDF and reduce 

acid detergent fibre (ADF) when compared with flail-harvested silage (Charmley and Firth, 2004), 
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and the formation of a mat after mowing as well as the use of different pick-up-systems have been 

shown to impact fibre content through changes in losses (Savoie et al., 1993).  

Fibre and DM digestibility has been shown to be increased by maceration of alfalfa (Hintz et al., 

1999), although this difference disappears when the crop is harvested with a precision chopper 

(Charmley et al., 1997; Charmley et al., 1999; Agbossamey et al., 2000). This also applies to 

retention time of alfalfa in the rumen (Savoie et al., 2001). Broderick et al. (2002) found no 

difference in digestibility when comparing macerated ryegrass with control whereas Broderick et al. 

(1999) found a 1.9 percentage points greater digestibility of a ration including macerated forage (61 

% of DM) compared with control. 

It has long been known that chopping increases digestibility when comparing chopped and un-

chopped forage (Balch et al., 1955), but the difference becomes less clear and often insignificant 

when comparing different chopping lengths (Castle et al., 1981; Charmley and Firth, 2004). 

Chopping a forage prior to storing influences preservation and fermentation characteristics, and 

through these, chopping may influence utilisation of the forage and hence productivity (Albrecht 

and Beauchemin, 2003; Harrison et al., 2003). Chopping has a more direct effect on the digestion of 

fibre in the rumen where one system measures the physical effectiveness of NDF (Zebeli et al., 

2012) whereas the NorFor system use chewing and rumination activity (Volden, 2011). Both 

systems include particle size or chopping length of the forage. Hintz et al. (1999) may reflect this as 

they showed that digestibility of NDF increased when lucerne was macerated but overall 

digestibility was unchanged. 

6 Mechanical treatment effects on energy use 
A number of energy requiring operations are required from an initial ploughing of field until a 

grass-clover silage is fed to cattle. Table 6.1 shows the involved operations and their energy use 

based on Dalgaard et al. (2002), which adds up to a total of 129 L diesel per ha per year. Swathing 

accounts for about 13 % of total energy use, and for every 10 % change in energy use for swathing, 

total energy use changes with 1.3 %. Hence, an increased energy use during swathing caused by 

adding an extra processing step such as maceration would be diluted when looking at total energy 

Table 5.1. A generalisation of the change in nutrient composition (g / kg DM)3 of grass and legume crops 
during silage-making. 

Type of loss  CP NDF TDN 

Crop  Grass Legume Grass Legume Grass Legume 

Respiration1  8 9 32 17 -18 -17 
Rain damage2, 5 mm  -2 -4 9 14 -5 -15 
Rain damage2, 25 mm  -13 -17 53 60 -30 -70 
Mowing and conditioning  0 -7 0 12 0 -14 
Tedding  -2 -5 4 9 -4 -12 
Raking  -3 -5 5 10 -6 -12 
Baling (round bale)  -10 -17 18 31 -20 -38 
Chopping  0 0 0 0 0 0 
Hay storage (inside)  -13 -7 32 21 -18 -21 
Silo storage (bunker)  15 23 36 27 -56 -56 
1Respriation includes plant and microbial respiration for crop cured without rain damage. 
2Rain damage includes leaf loss, nutrient leaching and microbial respiration resulting from rain damage. 
3CP: Crude protein; NDF: Neutral detergent fibre; TDN: Total digestible nutrient. 
Modified from Rotz and Muck (1994: p. 858). 
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use, although the degree of dilution depends on the extra time required if an extra processing step is 

included. 

Savoie et al. (1997) showed that macerating timothy and laying it down in a windrow consumed 53 

% more energy than mowing and conditioning. However, the same machine could also compress 

the macerated forage into a thick mat, which increased the difference to 144 %. The energy 

consumption of the macerator depends on moisture content, macerator speed, difference in speed 

between upper and lower rolls, rate of throughput and moisture content (Shinners et al., 1988b; 

Kraus et al., 1993; Savoie, 2001). An eight-roll macerator thus uses 63 % more energy than a five-

roll macerator, and a 2:1 ration in speed between upper and lower rolls leads to a 59 % greater 

energy use compared with a 1.3:1 ratio (Shinners et al., 1988b).  

Tremblay et al. (1994) showed that macerating both lucerne and timothy required more energy 

during moving compared with conditioning with no difference between the two crops. However, 

timothy required more energy to chop than lucerne, but there was no overall difference in energy 

required for chopping between macerated and conditioned forage.  

A similar device to a macerator can also be integrated with a forage chopper, and it has in two cases 

with lucerne been placed after the cutter-wheel (Roberge et al., 1998; Shinners et al., 2000). In both 

studies, energy use was increased when a crop processor was used additionally to the cutting wheel, 

and Shinners et al. (2000) estimated this to be 109-113 %. In contrast, reducing theoretical cut 

length from 19 to 9.5 mm only increased energy use with 12 %. 

  

Table 6.1. Total energy use (diesel fuel) for producing grass-clover1 silage from a crop lasting 3 years 

Fuel use per operation  

L / ha / yr 

 

Operation Value Unit  % 

Ploughing 20.0 L / ha  6.7 5.2 

Harrowing 6.0 L / ha  2.0 1.6 

Seeding 3.0 L / ha  1.0 0.8 

Rolling 2.0 L / ha  0.7 0.5 

Slurry application2 0.3 L / t  15.0 11.6 

Swathing 0.5 L / t  16.7 12.9 

Raking3 0.3 L / t  8.3 6.5 

Chopping 1.0 L / t  33.3 25.9 

Transport (3 km) 0.2 L / t / km  20.0 15.5 

Loading into bunker silo 0.5 L / t  16.7 12.9 

Feeding out4 0.3 L / t  8.5 6.6 

Total    128.8 100.0 
1Assumed yield of 10 t dry matter per year with 70 % moisture. 
2Assumed 25 t / ha twice per year. 
3Assumption. 
4Assuming at that 15 % of dry matter has been lost. 
Based on Dalgaard et al. (2002). 
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7 Conclusions and perspectives 
Mechanical treatment of forage during silage-making can influence loss of DM, ensiling quality, 

silage density, nutritional quality of the silage and energy use during the process. Legumes mainly 

in the form of clovers are important forages in Denmark and mostly grown in a mixed sward with 

different grasses. However, the attachment between leaf and stem is generally weaker for legumes, 

and legumes generally have a higher buffering capacity compared with grasses. Thus, legumes are 

more sensitive towards loss of DM and high moisture content where the latter can have negative 

impacts on both ensiling and nutritional quality. 

Growing forage and producing high-quality silage involves a long sequence of events; each of 

which has the potential to influence the final silage. That means that a potential benefit can be lost 

somewhere else along the chain and vice versa. This review focuses on mechanical effects where 

many companies produce the different implements involved in growing forage and producing 

silage, which adds a layer of uncertainty in terms of design and settings during use of these 

machines. Furthermore, biological effects such as plant maturity, plant variety and weather may 

have effects at similar or even greater levels on the final silage. Thus, this illustrates the importance 

of perspective and complexity when assessing the effect of a local change on the end-product of a 

long chain of events with many potential interacting components.  

Adding an extra event such as tedding, conditioning or maceration of the swathed forage into this 

chain imposes an extra cost. This extra cost, therefore, has to be repaid by either saved costs 

elsewhere in the chain or improved value of the silage. Conditioning or maceration of the swathed 

forage induces an extra cost and increases the risk of loss of DM in the field, and these have to be 

counteracted by potential changes such as increased storage density, improved storage stability and 

reduced storage DM loss, improved digestibility or other changes. 

The present review highlights how mechanical treatment of forages may affect factors including 

DM loss, storage density and digestibility, but as is evident from the many cited references, there 

are no apparent consensus on how the various factors should be investigated, recorded and 

analysed. This has to be taken into consideration when comparing different studies from the 

literature. Finally, much of the cited information in this review is of older date but, to our 

knowledge, the latest, and this is a challenge when the technological development by farm 

machinery producers and the following adoption of new techniques by farmers occurs at a pace 

where it is difficult for science to keep up.  
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